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PREFACE 


The  purpose  of  this  book  is  to  offer  its  readers  a  thoroughly 
adequate  and  up-to-date  view  of  the  essentials  of  nutrition. 

We  hope  that  it  will  be  found  useful  both  to  those  who  do  and 
those  who  do  not  expect  to  proceed  later  to  a  more  detailed,  profes¬ 
sional  study  of  nutrition  and  dietetics.  It  assumes  no  prerequisite 
training  in  science.  Special  care  has  therefore  been  given  to  the  mode 
of  dealing  with  such  terms  as  nutrition  uses  in  common  with  other 
sciences,  and  such  as  are  just  now  in  course  of  becoming  everyday 
words.  Recognizing  that  the  effectiveness  of  the  text  depends  largely 
upon  freedom  from  interruption  by  formal  definitions,  we  have  sought 
rather  to  introduce  each  scientific  term  only  as  its  employment  be¬ 
comes  clearly  useful,  and  then  functionally.  For  cases  in  which  more 
dictionary-like  definitions  may  also  be  useful,  a  glossary  is  provided 
in  the  Appendix. 

It  is  realized  that  at  present  the  teaching  of  nutrition,  like  the 
scientific  subject  matter  itself,  is  in  a  rapidly  developing  stage.  It  is 
hoped  that  this  text  will  contribute  to  this  development,  and  that 
its  use  will  enable  the  teacher  more  readily  to  meet  the  demands  of 
the  growth  of  fundamental  scientific  knowledge  of  nutrition  within 
the  time-limits  of  the  non-technical  course. 

1  he  present  approach  to  the  facts  and  principles  of  the  science 
of  nutrition  is  mainly  through  the  relations  of  food  to  health  and 
efficiency.  Chief  prominence  is  given  to  the  case  of  the  normal  young 
person  such  as  the  majority  of  the  readers  of  this  book  will  presumably 
be;  though  the  concluding  chapters  take  up  also  the  problems  of  food 
lor  family  groups,  and  of  making  nutritional  knowledge  more  widely 
effective  Most  of  the  Exercises  at  the  ends  of  the  chapters  are,  like  the 
text  itself,  put  in  terms  of  the  student’s  own  experience  and  objectives 

on,LETri  ^  and  Su^ested  Ridings  are  to  be  regarded  as  entirely 
optional  In  many  courses,  no  doubt,  actual  laboratory  work  will  be 
provided  instead  of,  or  in  addition  to,  such  Exercises.  One  of  our  main 

to  dr  *  15  £  Pr°VldC  a  teXtb°0k  Which  leaves  the  teacher  entirely  free 
both  in  accompan)™g  laboratory  work,  or  collateral  reading  or 
both,  in  accordance  with  the  circumstances  and  purposes  of  the 
particular  course.  The  sequence  of  topics  is  also  readily  adjustabL 
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PREFACE 


The  subject  matter  of  the  text  begins  with  an  introductory  chapter 
which  is  intended  to  indicate  both  the  position  of  the  present-day 
science  of  nutrition  and  its  constructive  aims.  For  many,  such  an 
advance  indication  of  the  far-reaching  significance  of  our  newest 
knowledge  of  nutrition  increases  the  interest  and  effectiveness  of  the 
study.  Those,  however,  who  prefer  to  omit  or  postpone  such  evaluation 
will  find  it  entirely  feasible  to  make  a  logical  beginning  with  the  second 
or  even  with  the  third  or  fourth  chapter. 

Then  follows  the  central  body  of  the  topical  subject  matter,  treated 
in  the  order  which  most  teachers  prefer:  (1)  the  energy  aspects  of 
nutrition,  (2)  the  proteins  and  their  amino  acids,  (3)  the  mineral 
elements,  and  (4)  the  vitamins.  This  is  generally  found  the  most 
readily  teachable  sequence  from  the  viewpoint  of  the  interrelationships 
of  the  topics.  It  has  also  another  important  advantage.  To  a  note¬ 
worthy  extent  it  corresponds  with  the  chronological  sequence  in  which 
the  main  aspects  of  the  present-day  science  of  nutrition  have  developed. 
Thus  we  study  first  the  parts  of  our  subject  which  have  had  the  longest 
time  in  which  to  take  definite  shape  and  which  can  therefore  be  pre¬ 
sented  most  simply  and  concisely.  After  this  we  are  better  prepared 
for  the  somewhat  more  detailed  treatment  which  the  newer  subject 
matter  of  the  vitamins  requires  if  its  study  is  to  be  of  equal  scientific- 
soundness.  Some  of  the  most  recent  advances  of  knowledge  in  the 
vitamin  field  are  so  important,  in  the  light  which  they  throw  upon 
everyday  nutritional  problems,  that  the  somewhat  fuller  mode  of  ex¬ 
position  here  finds  a  practical  reward  as  well  as  a  teaching  reason. 

The  chapters  on  vitamins  are  so  written  that  they  may  be  studied 
in  any  sequence  desired.  The  order  followed  in  this  text  is  the  one 
which  to  us  seems,  in  the  present  state  of  knowledge,  best  adapted 
to  effective  teaching. 

As  a  further  and  important  aid  to  interest,  and  therefore  to  effective¬ 
ness,  the  arrangement  within  each  chapter  is  determined  by  the  merits 
of  its  own  subject  matter,  in  preference  to  the  rigid  following  of  a  fixed 
form. 

The  last  four  chapters  deal  with  applications  or  extensions  of 
nutrition  study.  Any  of  them  may  be  omitted,  without  impairing  the 
scientific  coherence  of  the  body  of  the  book,  when  adaptation  to  a 
shorter  course  is  desired  or  the  teacher  prefers  to  develop  some  other 
line  of  application. 

The  tables  in  the  body  of  the  text  are  kept  short  for  comfortable 
reading.  Data  of  food  values  thus  used  to  illustrate  any  particular 
chapter,  are  taken  as  typical  from  among  the  much  more  numerous 
data  tabulated  in  the  Appendix. 

For  the  privilege  of  using  unpublished  data  in  drawing  our  deduc- 
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tions,  for  the  use  of  illustrative  materials,  and  for  aid  in  other  ways, 
we  are  indebted  to  many  scientific  friends  among  whom  acknowledg¬ 
ment  is  gratefully  made  to  Drs.  E.  L.  Batchelder,  F.  G.  Benedict,  L. 
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Additional  Preface  to  Third  Edition 

In  offering  this  new  edition,  the  authors  desire  to  express  their  high 
appreciation  both  to  the  users  of  the  book  for  the  gratifying  reception 
accorded  to  it,  and  to  the  publishers  for  making  possible  so  early  an 
opportunity  to  incorporate  the  most  recent  advances  in  the  science  of 
nutrition,  and  in  the  movement  to  make  this  science  ever  more  effec¬ 
tive  in  the  service  of  health  and  efficiency. 

While  the  general  character  and  scope  are  much  the  same  as  in  the 
previous  editions,  each  chapter  has  been  carefully  revised  with  the 
double  objective  of  bringing  it  thoroughly  up  to  date  and  of  improving 
the  clarity  and  conciseness  of  the  text  wherever  possible.  Fortunately 
several  fundamental  advances  have  reached  points  permitting  clearer 
interpretations  almost  at  the  moment  that  this  is  written.  Calorie  values 
of  foods  and  needs  in  nutrition  (Chapters  IV  and  V),  the  quantitative 
requirements  of  individual  amino  acids  and  the  light  thus  thrown 
upon  the  supplementary  relations  between  proteins  ( Chapters  VI  and 
XIX),  the  values  of  newly  discovered  vitamins  in  the  maintenance  of 
the  health  of  the  blood  (Chapter  IX),  the  firm  establishment  of  the 
fact  that  at  least  one  mineral  element  (Chapter  VIII)  and  three 
vitamins  (Chapters  XI,  XIII,  and  XV)  continue  to  bring  increasing 
long-term  benefits  from  increasingly  liberal  intakes  up  to  levels  at  least 
twice  those  of  minimal  adequacy  (“actual”  need),  are  illustrations  of 
the  fact  that  the  newest  chemistry  of  nutrition  has  in  these  most  recent 
days  revealed  much  more  than  had  been  foreseen.”  Thus  today’s 
essentials  of  nutrition  deal  with  potentialities  beyond  those  that  the 
science  of  yesterday  thought  possible. 

All  food  composition  data  have  been  revised  in  the  light  of  the 
governmental  publication  of  June  1950. 

In  addition  to  the  acknowledgments  in  the  original  preface  the 

grateJU'  rCr°rd  °f  thc  ^neLs  collaboration 
ol  M.  E  Bal  Alice  Bolster,  Grace  MacLeod,  C.  S.  Pearson  and  T  M 
S<  hwank  in  the  preparation  of  the  present  edition.  ’  ^ 
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THE  NUTRITIONAL 
IMPROVEMENT  OF  LIFE 


Students  now  enter  American  colleges  taller  and  yet  younger 
than  were  their  parents  and  other  predecessors  when  they  entered 
the  same  colleges  thirty  to  forty  years  ago.  This  is  shown  con¬ 
sistently  by  all  the  available  records,  and  is  true  of  both  boys  and 
girls.  There  has  not  been  any  known  change  in  proportions  of 
racial  stocks  which  could  account  for  the  differences.  The  explana¬ 
tion  is  to  be  found  not  in  inheritance  in  the  biological  sense  but  in 
a  social  inheritance, — the  increase  of  scientific  knowledge  and  its 
use  in  the  betterment  of  conditions  of  living. 

Prominent  among  the  advances  in  knowledge  of  life  and  health, 
and  resulting  improvement  of  ways  of  living,  has  been  the  develop¬ 
ment  of  the  science  of  nutrition  and  its  influence  upon  the  daily 
choice  and  use  of  food.  The  twentieth-century  science  of  nutrition 
enjoys,  even  more  than  other  sciences,  the  impetus  of  both  the  two 
great  motive  powers  of  modern  progress:  the  spirit  of  wonder,  and 
the  spirit  of  service. 

A  generation  or  two  ago,  all  the  more  abundant  constituents  of 
food  were  sufficiently  known  to  chemists  so  that  one  might  analyze 
a  food  with  a  satisfactory  approximation  to  100  per  cent;  yet  one 
could  not  successfully  nourish  himself  or  an  experimental  animal 
with  a  mixture  of  the  food  constituents  which  analysis  revealed. 

Professor  (later  Sir)  Frederick  Gowland  Hopkins  of  Cambridge 
University  reported  briefly  in  1906  and  fully  in  1912  his  experi¬ 
ments  which  made  clear  to  students  of  normal  nutrition  that  there 
must  exist  in  certain  foods  some  substance  or  substances  not  pre¬ 
viously  known,  but  essential  to  the  nutritional  process.  He  showed 
that  laboratory  animals  soon  ceased  to  thrive  on  mixtures  of  puri¬ 
fied  proteins,  fats,  carbohydrates,  and  salts  even  when  these  were 
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selected  and  proportioned  in  the  light  of  all  available  knowledge; 
but  that  the  addition  of  a  small  amount  of  milk,  fresh  or  dried,  or 
of  the  alcohol-extract  of  dried  milk  or  of  certain  vegetables  (but  not 
the  ashes  of  such  foods  or  extracts)  made  the  diet  adequate.  Figures 
1  and  2  show  graphically  the  results  of  typical  experiments  with 
young  animals.  Those  experiments  showed  that  some  then  un¬ 
identified  alcohol-soluble  organic  substance  or  substances  must 
function  in  normal  nutrition.  We  now  know  that  there  are  several 


Days  of  Experiment 


Fig.  1.  Growth  curves  of  rats  in  early 
experiments  of  Sir  Frederick  Gowland 
Hopkins.  The  lower  curve  represents  the 
average  body  weight  of  a  group  of  rats 
after  varying  intervals  on  an  artificial 
diet  of  highly  purified  foodstuffs.  The 
upper  curve  shows  the  growth  of  an 
initially  similar  group  of  rats  receiving 
2  or  3  cc.  of  milk  each  per  day  in 
addition  to  the  artificial  diet.  (Courtesy 
of  Sir  F.  Gowland  Hopkins.) 


such  substances,  some  soluble  in  water  and  others  in  fat.  Indi¬ 
vidually,  they  will  be  studied  in  Chapters  XI-XVII.  In  the  present 
discussion  we  are  concerned  with  the  general  relation  of  this  dis¬ 
covery  and  its  sequel  to  the  significance  of  nutrition  as  a  factor  in 
our  understanding  of  nature  and  in  the  scientific  management  of 

our  own  lives.  „  , 

For  the  discovery  of  these  substances -tentatively  called  vita¬ 
mins  and  beginning  to  be  known  by  more  distinctive  indivi  ua 
names -has  proven  to  be  only  the  first  step  in  a  very  far-reaching 
scientific  development  of  great  importance  to  the  improvement  of 

life 

'  ,  .  strives  to  make  itself  more  and  more 

Modern  science  constantly  strive,  i  .  .  , 

exact.  So  as  soon  as  the  existence  of  “vitamins  was  discovere  , 

even  without  waiting  for  their  complete  chemical  .dent.ficat.on 

studies  were  begun  upon  such  quantitative  questions  as:  (1)  the 
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relative  abundance  of  a  given  vitamin  in  different  kinds  of  food, 
(2)  the  amounts  needed  in  nutrition;  and  (3)  the  more  ambitious 
question,  how  much  of  each  gives  the  best  results,  i.e.,  what  is  the 
level  of  optimal  as  distinguished  from  merely  adequate  nutritional 

intake.  , 

Our  present-day  realization  of  the  importance  of  this  latter  prob¬ 
lem  is  a  development  of  much  greater  significance  than  is  yet  gen¬ 
erally  understood. 


Fig.  2.  Growth  curves  of  rats  in  early  experiments  of  Sir  Frederick  Gowland 
Hopkins.  The  lower  curve  represents  the  growth  of  rats  receiving  (up  to  the 
18th  day  of  the  experiment)  only  the  purified  diet;  the  upper  curve,  similar 
rats  having  (up  to  the  18th  day)  3  cc.  of  milk  each  per  day  in  addition  to 
this  food.  From  the  18th  day  of  the  experiment,  marked  by  the  vertical  dotted 
line,  the  milk  was  transferred  from  the  latter  set  of  animals  to  the  former. 
(Courtesy  of  Sir  F.  Gowland  Hopkins.) 


While  this  fact  was  revealed  largely  through  experiments  which 
grew  out  of  the  investigation  of  the  newly-discovered  vitamins,  it 
is  equally  true  of  one  of  the  mineral  elements  which  have  long 
been  recognized  as  essential  to  nutrition  but  whose  far-reaching 
potentialities  have  but  recently  been  brought  fully  to  light.  (For 
example,  the  work  with  different  levels  of  calcium  intake^  noted  in 
Chapter  VIII.) 

1  he  rapid  sequence  of  such  discoveries  has  been  in  great  measure 
due  to  the  increasing  use  of  laboratory  animals  as  instruments  and 
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reagents  of  nutritional  research.  By  use  of  a  species  whose  nutri¬ 
tional  chemistry  is  closely  similar  to  ours  (with  respect  to  the  sub¬ 
stance  under  investigation)  and  which  runs  much  more  rapidly 
than  we  do  through  its  growth  and  development  and  the  subse¬ 
quent  events  of  its  life  history,  science  can  now  study  the  relations 
between  food  intake,  nutritional  responses,  and  resulting  health, 
much  more  comprehensively  than  had  previously  been  possible. 

For  about  thirty  years  McCollum  has  taught  that  there  may  be 
important  differences  between  the  merely  adequate  and  the  optimal 
in  nutrition.  And  J.  F.  Williams,  in  his  teaching  of  personal  hygiene, 
has  emphasized  that  health  may  and  should  mean  not  merely  free¬ 
dom  from  disease  but  rather  a  positive  quality  of  life,  and  that 
there  are  degrees  of  this  positive  health;  though  he  remarked  that 
for  some  years  this  view  only  slowly  found  wide  acceptance.  That 
acceptance  of  this  view  of  health  is  now  rapidly  spreading,  or,  as 
the  Journal  of  the  American  Medical  Association  has  editorially 
phrased  it,  “that  the  difference  between  buoyant  health  and  merely 
passable  health  is  coming  to  be  more  appreciated,”  is  doubtless 
largely  due  to  the  objective  and  quantitative  nature  of  present-day 
nutritional  research.  For  this  gives  to  its  findings  an  impersonal  con¬ 
vincingness  which  advances  the  principle  of  the  nutritional  im- 
provability  of  the  normal  out  of  the  realm  of  opinion  into  that  of 
established  fact.  Such  nutritional  improvement  of  already-normal 
health  has  been  shown  at  every  stage  of  the  life  cycle  with  statistical 
convincingness  and  conclusiveness  of  a  very  much  higher  order 
than  science  considers  necessary  to  establish  a  physiological  fact  as 
“undoubted.” 

Thus  notwithstanding  individual  (physiological)  variability,  the 
well-controlled  colony  of  experimental  animals,  from  which  large 
numbers  of  strictly  comparable  individuals  of  known  hereditary 
and  nutritional  antecedents  can  be  drawn,  becomes  an  instrument 
of  research  such  as  had  not  existed  before.  By  the  use  of  this  in¬ 
strument,  higher  precision  and  deeper  insight  both  become  possible, 
and  these  in  turn  are  revealing  an  essentially  new  concept  of  the 
influence  of  nutrition. 

To  make  this  clear  and  definite,  let  us  glance  at  some  recent  and 
current  work  at  Columbia  University  where  there  is  maintained 
for  research  of  this  kind  a  colony  of  laboratory-bred  experimental 
rats  in  which  the  hereditary  and  nutritional  background  of  each 
individual  is  known  for  so  many  generations  as  to  correspond  with 


THE  NUTRITIONAL  IMPROVEMENT  OF  LIFE  O 

a  human  population  whose  food  supply  had  been  known  and  whose 
blood  had  been  unmixed  for  over  2000  years.  With  such  a  colony 
to  draw  upon,  strictly  parallel  test  groups  can  be  placed  simul¬ 
taneously  upon  the  different  dietaries  which  it  is  desired  to  com¬ 
pare. 

In  all  such  controlled  research,  we  plan  to  introduce  only  one 
variable  at  a  time.  In  nutritional  problems  of  the  sort  which  we 
are  considering,  the  experimental  variables  are  of  two  kinds:  (1) 
individual  chemical  factors,  elements  or  compounds  as  the  case 
may  be;  and  (2)  the  actual  articles  of  food  which  nature  and  agri¬ 
culture  produce  and  which  people  obtain  and  consume. 

In  a  case  of  the  latter  type,  a  certain  basal  Diet  A  showed  itself 
adequate  under  the  severe  test  of  maintaining  normal  health  with 
successful  reproduction  and  rearing  of  young,  generation  after  gen¬ 
eration;  yet  when  the  proportion  of  milk  in  this  food  supply  was 
doubled  the  resulting  Diet  B  was  better  in  that  it  induced  a  more 
buoyant  health,  or  built  the  already-normal  health  to  a  higher  level. 

Whether  or  not  the  actual  optimum*  has  been  reached  in  any 
case,  the  measured  differences  in  well-being,  between  the  ade¬ 
quately  nourished  families  on  Diet  A  and  their  cousins  who  re¬ 
ceived  the  more  scientifically  balanced  Diet  B,  show  clearly  and 
conclusively  that  our  knowledge  of  nutrition  has  now  entered  a  new 
era  in  which  it  can  (and  doubtless  will)  play  a  larger  part  in  the 
attainment  of  a  higher  general  level  of  health  and  efficiency  than 
had  previously  been  thought  possible. 

In  the  investigation  just  mentioned,  the  only  experimental  vari¬ 
able  was  the  proportion  in  which  the  natural  foods  entered  into 
the  diet;  but  the  increased  proportion  of  milk  when  translated  into 
chemical  terms  meant  major  enrichments  of  the  diet  in  the  three 
chemical  factors  calcium,  vitamin  A,  and  riboflavin-plus-protein 
which  we  shall  study  individually  in  Chapters  VIII,  XIII,  and  XV 
New  series  of  experiments  were  therefore  begun’in  which  these 

nutrients  were  studied  independently  and  at  successively  increased 
levels  of  intake. 

Here  it  was  found  that  calcium  and  vitamin  A  each  is  capable 
of  conferring  success, vely  increased  benefit  at  successively  higher 
evels  of  intake  through  an  unexpectedly  wide  range.f  Hitherto,  it 

thil  bohoekWOrdS  °P,lmal  and  °p,imum  are  exP'ai"'d  the  Glossary  a,  the  back  of 
extra  ^e!“  ££***  ^  ^  °f  «»  "bo- 
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had  been  the  accepted  view  (sometimes  even  expounded  as  a  funda¬ 
mental  economic  principle)  that  one  cannot  advantageously  con¬ 
sume  much  more  food  than  one  actually  needs;  in  other  words 
that,  in  the  case  of  food,  the  level  of  minimal  adequacy  is  very 
nearly  the  optimal  level  of  consumption.  This  now  proves  to  have 
been  an  oversimplified  view.  A  more  discriminating  statement  is 
needed.  Of  total  food  as  measured  in  calories  a  very  small  surplus 
above  actual  need  does  suffice  to  bring  us  to  the  optimal  level  of  in¬ 
take  of  this  nutritional  factor.  And  probably  of  many  other  factors 
the  optimal  level  is  only  moderately  higher  than  that  of  minimal 
adequacy,  perhaps  around  fifty  per  cent  higher  as  is  commonly  as¬ 
sumed  for  protein  and  for  phosphorus  in  the  teaching  of  dietetics. 
But  for  some  factors  we  now  find  that  the  beneficial  margins  are 
much  higher  or  wider. 

This  finding,  with  its  consequences  which  we  shall  later  study 
more  fully,  has  such  far-reaching  significance  that  some  have  in¬ 
clined  to  call  it  “a  new  principle  of  liberality  in  dietetics” ;  but  it 
should  not  be  confused  with  a  merely  open-handed  attitude.  The 
principle  is  one  of  scientific  discrimination.  What  is  true  of  calcium 
is  not  to  be  assumed  to  be  true  of  other  mineral  elements;  and  what 
is  true  of  vitamins  A  and  C,  and  riboflavin  is  not  to  be  assumed  to 
be  true  for  other  vitamins  (though  it  may  be  for  some  of  them). 
The  factors  here  discussed  were  not  taken  at  random  for  the  in¬ 
vestigation  above  mentioned.  They  were  investigated  because  the 
results  of  previous  study  pointed  directly  and  specifically  to  them 
as  probable  keys  to  the  fuller  understanding  of  a  newly  discovered 
nutritional  improvability  of  an  already-normal  condition  or  level 


of  health.  ,  ,  ,  r 

Undoubtedly,  hitherto,  if  we  have  appreciated  the  realty  o 

degrees  of  positive  health,  we  have  been  too  fatalistic  in  our  atti¬ 
tude  toward  it,  attributing  the  superior  vitality  which  some  people 
enjoy  too  largely  to  their  luck  in  being  born  with  good  constitu¬ 
tions  and  too  little  to  their  intelligent  habits  of  life. 

Lately  it  is  becoming  increasingly  clear  that,  however  important 
the  inherited  constitution,  there  is  yet  a  very  great  opportunity 
open  to  each  of  us  to  provide  through  sane  daily  living,  and  notably 
Through  intelligent  food  habits,  for  such  a  favorable  internal  en¬ 
vironment*  as  shall  permit  our  native  endowments  to  develop  and 
function  to  the  best  advantage. 


*  See  Glossary  (Appendix  E). 
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Hopkins,  speaking  in  the  most  conservative  terms  as  President 
of  the  Royal  Society,  said  that  “nurture  can  assist  nature  to  a 
larger  extent”  than  the  passing  generation  had  thought. 

That  differences  which  are  really  nutritional  have  doubtless 
sometimes  been  attributed  to  racial  factors  was  emphasized  by  Hop¬ 
kins  in  the  leading  article  of  the  then  newly  established  Nutrition 
Abstracts  and  Reviews  in  1931.  A  community,  he  explained,  may 
be  found  in  equilibrium  with  an  environment  which  includes  its 
food  supply,  and  the  fact  of  such  equilibrium  has  hitherto  been 
taken  as  evidence  that  the  environment  supplies  everything  needed. 
Hence  any  inferiority  was  taken  to  be  racial,  whereas  actually  a 
racial  potentiality  of  higher  development  may  become  manifest 
with  an  improvement  in  the  food. 

This  is  illustrated  in  the  fact,  repeatedly  emphasized  by  Boas, 
that  in  immigrant  families  supposedly  representing  physically  in¬ 
ferior  racial  stocks  the  children  and  grandchildren  approach  the 
typical  American  physique  with  surprising  rapidity  when  living 
under  American  conditions. 


And  the  fact  that  physique  is  only  the  most  obvious  and  not 
necessarily  the  most  important  of  the  gains  to  be  expected  is  illus¬ 
trated  by  Dr.  McLester’s  statement  in  an  official  address  as  Presi¬ 
dent  of  the  American  Medical  Association:  that  science  now  offers, 
to  those  who  will  use  the  newer  knowledge  of  nutrition,  greater 
vigor  “and  a  higher  level  of  cultural  attainment.” 

Thus  we  are  now  in  a  new  era  of  nutritional  knowledge,  in  which 
this  knowledge  serves  the  improvement  of  life  in  two  ways:  (1) 
correctively,  in  the  cure  and  prevention  of  deficiency  diseases  and 
of  the  less  well  recognized  states  of  nutritional  shortage  or  sub¬ 
normality;  and  (2)  constructively,  in  the  improvement  of  alreadv- 
normal  health.  } 

WC  C,an.  n°W  SCe  that  the  teaching  of  science  has  until  recently 
assumed  the  normal  internal  chemistry  of  each  species  to  be  some- 

*7  Tdly  SpeCifiC  than  il  rea,1>' is-  Th*  newer  know^ 

/  "  “on  shows  us,  among  other  things,  how  our  daily  choice  of 
food  tnfluences  that  internal  environment  of  the  bod  which 
directly  environs  and  conditions  the  life  process  And  th 
knowledge  has  brought  a  really  new  view  ?  ^ 
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to  realize  how  significantly  our  daily  choice  and  use  of  food  in¬ 
fluences  that  more  important  environment  which  we  carry  within 
our  own  bodies,  we  see  that  we  ourselves  have  a  much  larger  mea¬ 
sure  of  ability  to  improve  the  life  process  than  science  has  hitherto 
supposed  to  be  possible. 

The  chapters  which  follow  will  seek  to  make  clear  the  essentials 
both  of  the  facts  of  our  present-day  nutritional  knowledge  and  of 
the  functioning  of  this  knowledge  in  the  guidance  of  daily  food 
habits  and  the  attainment  of  higher  health. 

Some  recent  developments  may  well  be  mentioned  at  this  point. 

By  cooperation  of  the  Federal  Department  of  Agriculture,  a 
number  of  the  State  Agricultural  Experiment  Stations,  and  Cornell 
University,  there  has  been  established  at  Ithaca  a  laboratory  for 
research  into  the  nutritional  interrelationships  of  soils,  plants,  farm 
animals,  and  man.  Ultimately,  such  research  may  point  the  way  to 
important  improvement  in  the  nutritive  values  of  foods;  and  in  any 
case  should  clarify  the  question  as  to  how  far  the  conditions  of  pro¬ 
duction  do  influence  such  nutritive  values.  Meanwhile  the  very 
existence  of  this  laboratory  will  serve  as  a  continuing  reminder 
that  not  only  genetic  (hereditary)  but  also  environmental  (nutri¬ 
tional)  influences  do  measurably  and  significantly  modify  the  in¬ 
ternal  bodily  states  and  thus  the  life  processes  of  both  plant  and 
animal  species,  including  our  own. 

At  about  the  same  time,  the  National  Research  Council  rees¬ 
tablished  its  Committee  on  Food  and  Nutrition  which  within  a 
year  developed  so  greatly  in  response  to  the  present-day  recognition 
of  the  importance  of  this  field  that  it  has  now  been  reconstituted  as 
a  Food  and  Nutrition  Board  with  a  number  of  separate  but  co¬ 
ordinated  committees. 

In  May,  1941,  there  was  held  in  Washington  a  large  National 
Nutrition  Conference  through  which  wide  publicity  was  given  to 
the  importance  of  food  supply  and  of  nutritional  research,  and  to 
the  “New  Yardstick  of  Good  Nutrition,”  more  scientifically  known 
as  the  Table  of  Recommended  Daily  Allowances  of  Specific  Nu¬ 
trients,  or  Recommended  Dietary  Allowances,  issued  by  the  Na¬ 
tional  Research  Council.  This  Table  as  revised  in  1948  with  its 
official  explanatory  footnotes  is  given  in  full  in  the  Appendix  at 
the  back  of  this  book.  At  several  points  in  the  intervening  text  we 
shall  refer  to  these  Recommended  Allowances  in  our  discussions 
of  specific  nutrients.  Carefully  to  be  distinguished  from  these  Rec- 
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ommended  Allowances  are  the  lower  figures  set  up  as  minimum  re¬ 
quirements  for  the  special  purposes  of  the  Federal  Food  and  Drug 
Administration,  particularly  in  its  regulation  of  the  labels  of  foods 
for  which  “special  dietary  properties”  are  claimed.  To  avoid  con¬ 
fusion  we  should  be  careful  always  to  use  the  appropriate  one  of 
the  conventional  names  italicized  in  the  preceding  sentence,  rather 
than  to  speak  of  a  “standard”  or  “standards”  in  either  case. 

The  present  book  will  make  use  of  the  Recommended  Allowances, 
because,  while  attempts  to  ascertain  minimum  requirements  have 
certain  technical  uses,  it  is  good  nutrition  to  which  our  attention 
is  here  directed,  with  the  double  goal  that  all  our  people  shall  be 
well  nourished,  and  that  wherever  possible  we  may  also  build  from 
good  to  better. 

The  goal  of  improvement  upon  hitherto  accepted  norms,  and 
the  fact  that  an  element  of  judgment  necessarily  enters  into  the 
recommendations  which  aim  at  such  a  goal,  are  recognized  in  the 
following  paragraph  with  which  the  Bureau  of  Fluman  Nutrition 
and  Home  Economics  introduced  its  discussion  of  the  planning  of 
diets  by  the  “new  yardstick” : 

“The  Nutrition  of  the  Nation  depends  in  large  part  on  the  tables 
set  by  the  Nation’s  homemakers.  A  new  high  aim  for  meal  planning 
was  announced  during  the  National  Nutrition  Conference  for 
Defense  in  May  1941.  The  food  and  nutrition  committee  of  the 
National  Research  Council  recommended  dietary  allowances  for 
persons  differing  in  age  and  activity.  The  figures  rest  on  experi¬ 
mental  evidence  of  human  nutritional  needs  and  on  the  careful 
judgment  of  recognized  authorities  in  nutrition.” 

The  United  Nations  has  established  a  Food  and  Agriculture 
Organization  (FAO). 


EXERCISES 

N.  B  -While  the  wording  of  these  Exercises,  and  those  appended  to  other  chap- 
ters,  is  addressed  to  the  individual  student,  some  involve  work  for  instructors 
or  instructors  and  students  jointly,  according  to  circumstances. 

KK°\d  l°m  Pf8*-"1  heisht,  weight,  and  age  (dating  and  signing 
the  record).  Note  also  the  age,  and  (if  you  know  them  correctly)  the 
height  and  weight  at  which  you  entered  college.  How  do  your  height 

ace?  T!  T?r  Wi‘h  thC  n°™aI  aVeraf?e  or  s,andard  your 

%'  M  1  average,  or  slender  (linear),  or  stocky  (lateral)? 

2.  Make  an  accurate  record  of  the  kinds  of  food  and  beverage  and 
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the  amount  of  each  which  you  consume  (a)  in  a  24-hour  day;  (b)  in 
each  of  7  consecutive  days. 

3.  Check  the  foregoing  record  against  the  accompanying  U.  S.  De¬ 
partment  of  Agriculture  Card,  or  such  other  guide  as  may  be  selected. 
The  writers  have  here  chosen,  for  reasons  more  fully  explained  be¬ 
yond,  a  card  designed  primarily  for  young  people. 


Checking  Card  of 

UNITED  STATES  DEPARTMENT  OF  AGRICULTURE 
EXTENSION  SERVICE 
DIVISION  OF  COOPERATIVE  EXTENSION 
(Adapted) 


Check  Your  Meals  Daily  for  These  Foods 


Milk . 

Butter  or  fortified  margarine . 

Fruits  and  vegetables . 

(interchangeable  to  some  extent) 

A  good  balance  is: 

1  serving  potato 

1  serving  citrus  fruit,  tomatoes,  or  raw  cabbage 

1  serving  green  or  yellow  vegetable 

2  additional  servings — fruits  or  vegetables 

(chosen  according  to  preference  and  season) 

Enriched  or  whole-grain  bread  or  cereals . 

Eggs,  meat,  fish,  cheese,  dried  beans  or  peas,  nuts,  or 

peanut  butter . 

(select  two  different  kinds) 

Total  liquids  (water,  milk,  soup,  fruit  juices  and  other 
beverages)  . 


\\  pints  to  1  quart 
1  to  3  servings 
4  to  5  servings 


1  to  2  servings 

2  servings 


2  quarts  or  more 


1  teaspoon 


Hod-liver  oil . 

(a  fine  supplement  in  winter  or  when  you  cannot 

afford  plenty  of  whole  milk,  butter,  eggs,  and  green- 
colored  vegetables)  _ 

With  'he  above,  use  additional  bread  and  cereals  and  moderate  amounts  of 
aveets  and  fats  to  make  up  sufficient  food  energy  (total  calories). 

(Remember  that  the  somewhat  conventional 
vould  lose  much  of  its  convenience  .ft.  ^^edsei y  the  mos)  upl 

^etoldge^d  [^"implied  judgments  need  no,  be  regarded  as  final. 
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Perhaps  you  may  find  reason  to  modify  some  of  them  as  a  result  of  your  study 
of  nutrition.  Nevertheless  its  use  may  be  helpful  to  thinking  and  discussion.) 
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THE  MORE  ABUNDANT 
NUTRIENTS  IN  FOODS 


The  food  as  a  whole  nourishes  the  body  in  three  ways: 

(1)  it  furnishes  the  body-fuels,  the  substances  whose  burning 
(oxidation)  in  the  body  supplies  the  energy  for  its  activities; 

(2)  it  provides  the  materials  for  the  building  and  upkeep  of 
the  body  tissues;  and 

(3)  it  supplies  the  substances  by  means  of  which  the  conditions 
and  processes  in  the  body  are  regulated,  or  the  precursors  from 
which  the  body  makes  its  regulatory  substances. 

A  nutrient  is  a  substance  which  takes  part  in  a  nutritive  func¬ 
tion  of  any  of  these  three  kinds.  Some  nutrients  function  in  more 
than  one  of  these  ways.  Strictly  speaking,  air  and  water  are  nutri¬ 
ents*;  but  more  commonly  the  body’s  supplies  of  air  and  water 
are  treated  rather  as  parts  of  the  study  of  physiology  and  hygiene, 
while  the  study  of  nutrition  takes  them  for  granted  and  concen¬ 
trates  its  attention  upon  the  food  supply  and  the  fate  and  functions 
of  the  foodstuffs  (nutrients)  in  the  body. 

An  individual  food  may  serve  one,  or  two,  or  all,  of  the  three 
types  of  function  above  mentioned  according  to  the  nutrient  or 
nutrients  which  it  contains. 


This  brief  indication  of  functions  will  probably  serve  better  to 
introduce  the  study  of  the  nutrients,  than  would  a  set  of  formal 
definitions.  It  may,  perhaps,  be  worth  while  to  note  at  this  point 
that  the  literature  of  nutrition  uses  the  term  “foodstuffs”  in  two 
senses.  Some  writers  follow  popular  usage  in  making  no  distinction 
between  foodstuffs”  and  “foods,”  meaning  in  both  cases  articles 

*  Some  of  the  early  observations  upon  the  essential  function  of  air  and  the 
significance  of  resp^ation  as  related  to  nutrition  are  interestingly  described  in 
Jj'  ,  Foundations  of  Nutntron,  revised  (1944)  by  MacLeod  and  Taylor  (Mac 
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of  food,  or  food  commodities.  Others  use  the  term  foodstuffs  rather 
as  a  scientific  term  to  mean  the  “stuffs”  in  the  sense  of  the  con¬ 
stituent  or  component  substances  of  which  foods  are  composed. 
When  used  in  this  latter  sense,  the  word  foodstuff  becomes  practi¬ 
cally  interchangeable  with  the  word  nutrient. 

Because  of  their  many  important  interrelations,  the  nutrients 
cannot  be  rigidly  classified  according  to  which  of  the  three  main 
types  of  nutritive  function  they  serve.  This  will  become  clearer  as 
subsequent  chapters  are  studied.  The  present  chapter  relates  chiefly 
to  the  nutrients  which  bulk  largest  in  the  food  as  a  whole. 

As  we  saw  in  the  preceding  chapter,  the  vitamins  which  play 
such  a  prominent  part  in  recent  discussions  of  food  and  nutrition 
are  concerned  in  such  very  small  amounts  as  for  a  long  time  to 
have  been  missed  in  the  accounting  for  the  composition  of  foods. 
The  longer-known  constituents  of  foods  are  proteins,  fats,  carbo¬ 
hydrates,  organic  acids,  inorganic  salts  or  mineral  elements,  and 


water. 

Typical  examples  of  these  constituents  of  foods  may  be  illustrated 
in  observations  readily  made  upon  milk,  the  one  thing  whose  sole 
function  in  nature  is  to  serve  as  food.  As  one  receives  a  bottle  of 
milk  from  the  dealer,  a  partial  separation  of  its  constituents  is 
usually  already  visible  in  the  presence  of  a  cream  layer,  due  to  the 
fact  that  the  globules  of  fat  which  the  milk  contains,  being  lightei 
than  the  watery  medium  in  which  they  float,  are  rising  to  the  top. 
The  fat  of  the  milk  may  be  removed  by  skimming-off  the  cream, 
or  more  quickly  by  means  of  a  centrifugal  separator,  leaving  the 
skimmed  milk.  Either  whole  or  skimmed  milk  when  treated  with 
rennet  or  when  simply  allowed  to  sour  curdles,  the  curd  being  due 
essentially  to  casein,  the  characteristic  protein  of  milk.  (This  and 
other  proteins  will  be  studied  briefly  later  in  this  chapter,  and  more 

fully  in  Chapters  VI  and  XIX.) 

When  the  fat  and  the  curd  have  been  removed  from  milk  the 
remaining  whey,  if  concentrated  and  allowed  to  stand,  yields 
crystals  of  milk  sugar,  which  belongs,  like  the  other  sugars  and  the 
starches  to  the  group  of  substances  called  carbohydrates. 

'  If  whey  residue,  or  if  the  original  milk,  be  dried  and  burned 
there  remains  a  mixture  of  mineral  matters,— the  ash.  In  addition 
to  water  and  (other*)  mineral  matters,  protein,  fat,  and  carbo¬ 
hydrate,  milk  contains  citric  acid,  typical  of  the  organ, c  aads  and 

*  The  science  of  mineralogy  claims  water  as  a  mineral. 
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most  readily  recognized  in  the  citrus  fruits;  and  soured  milk  con¬ 
tains  lactic  acid,  the  most  familiar  of  those  organic  acids  whose 
presence  in  foods  is  chiefly  due  to  fermentation  of  one  kind  or 
another. 

The  vitamins,  while  of  great  importance  to  the  nutritive  value 
of  the  diet,  constitute  as  we  have  seen  such  an  elusively  small  frac¬ 
tion  of  the  weight  of  any  food  that  they  are  usually  treated  sep¬ 
arately  from  the  general  discussions  of  the  foodstuffs.  Often,  too, 
the  minor  organic  constituents  are  either  ignored  or  counted  with 
the  proteins,  fats,  or  carbohydrates,  whichever  they  most  resem¬ 
ble.  And  there  is  another  reason  for  postponing  further  considera¬ 
tion  of  the  vitamins  in  the  fact  that  they  are  not  a  natural  group . 
Each  should  be  studied  on  its  own  merits  as  in  Chapters  XI  to 
XVII. 

In  what  follows  in  this  chapter  we  follow  the  order  carbohy¬ 
drates,  fats,  and  proteins  as  being,  on  the  whole,  the  most  logical 
progression  from  the  simpler  to  the  more  complex. 

CARBOHYDRATES 

Sugars  and  starches,  with  a  few  related  substances,  are  grouped 
under  the  name  carbohydrates.  This  group  name  was  suggested  by 
the  fact  that  these  substances  are  composed  of  carbon,  hydrogen, 
and  oxygen,  and  that  the  hydrogen  and  oxygen  are  here  in  the 
same  quantitative  relation  to  each  other  as  in  water.  Of  special 
interest  to  the  student  of  nutrition  are  the  relationships  between 
members  of  the  three  subdivisions  of  the  carbohydrates  as  illus¬ 
trated  in  the  sections  which  follow. 


Monosaccharides 

The  simplest  of  the  carbohydrates,  and  the  ultimate  carbohy- 
rate-umts  into  which  the  more  complex  carbohydrates  can  be 
broken  (hydrolyzed,  as  by  digestion)  are  called  monosaccharides. 

simnlS1>nifiCa«Ce  °>f  Umono,,  in  the  name  is  to  emphasize  their 
wkh  th/  v  S1^gle-suSar-ness”  of  chemical  nature  (as  contrasted 
low  n  isacchandes  and  polysaccharides  to  be  mentioned  be- 

Hdei'o?  noT’  °Se’  galaCt°Se  arC  the  three  monosaccha¬ 
rides  oi  most  importance  in  nutrition. 
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Glucose  (also  called  dextrose,  grape  sugar,  corn  sugar,  starch 
sugar)  is  widely  distributed  in  nature,  occurring  in  small  amounts 
in  the  blood  of  all  animals,  and  much  more  abundantly  in  many 
fruits  and  plant  juices.  It  is  especially  abundant  in  grapes,  of  which 
it  often  constitutes  20  per  cent  of  the  total  weight  or  more  than 
half  of  the  solid  matter.  Sweet  corn,  onions,  and  unripe  potatoes 
are  among  the  common  vegetables  containing  considerable  amounts 
of  glucose.  Pure  dextrose  made  from  cornstarch  is  now  largely 
marketed  as  corn  sugar;  and  it  has  been  announced  that  so  far  as 
practicable  corn  sugar  and  cane  sugar  will  receive  equal  treatment 
in  the  administration  of  the  Federal  Food  Law. 

Fructose  (levulose,  fruit  sugar)  occurs  with  glucose  in  plant 
juices,  in  fruits,  and  especially  in  honey,  where  it  makes  up  about 
one-half  of  the  solid  matter.  It  is  formed,  along  with  an  equal 
weight  of  glucose,  when  ordinary  cane  or  beet  sugar  is  digested. 

Galactose  is  important  because  it  is  formed,  along  with  an  equal 
weight  of  glucose,  when  milk  sugar  is  digested. 


Disaccharides 

The  name  disaccharide  implies  a  substance  each  molecule  of 
which  can  be  broken  down  into  two  monosaccharide  (simple 
sugar)  molecules.  The  three  nutritionally  important  members  of 
this  group  of  carbohydrates  are  sucrose  (cane  or  beet  sugar), 
lactose  (milk  sugar),  and  maltose  (malt  sugar). 

Sucrose  (saccharose,  cane  sugar,  beet  sugar),  which  upon  diges¬ 
tion  gives  one  molecule  of  glucose  and  one  of  fructose,  is  piesent  in 
considerable  quantity  in  the  fruits  and  juices  of  many  plants.  1  he 
commercial  sources  of  sucrose  are  the  sugar  beet,  the  sugar  and 
sorghum  canes,  the  sugar  palm,  and  the  sugar  maple;  but  many 
of  the  common  fruits  and  vegetables  contain  notable  amounts,  tor 
example,  sucrose  is  said  to  constitute  at  least  half  the  solid  matter 
of  pineapples  and  of  some  roots,  such  as  cairots. 

The  per  capita  consumption  of  the  practically  pure  cane  (anc 
beet)  sugar  of  commerce  increased  rapidly  for  a  century  in  the 
United  States  (Fig.  3)  until  now  it  is  estimated  that  on  the  average 
about  one-tenth  to  one-seventh  of  our  food  calories  are  derive 
from  this  source.  The  question  whether  it  is  wise  to  take  so  much 
of  a  food  which  contributes  none  of  the  nutritionally  important 
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protein,  mineral  elements,  and  vitamins,  may  more  profitably 
be  discussed  after  the  study  of  Chapters  VI  to  XV. 

Lactose  (milk  sugar)  occurs  in  the  milk  of  all  mammals,  usually 
constituting  6  to  7  per  cent  of  human  milk  and  4.5  to  5  per  cent  of 
cows’  and  goats’  milk.  When  digested  it  yields  glucose  and  galac¬ 
tose  in  equal  proportions. 

Because  lactose  is  regarded  by  some  physicians  and  bacteriolo¬ 
gists  as  markedly  beneficial  in  maintaining  a  desirable  state  of  the 
lower  intestinal  tract,  many  persons  make  a  special  effort  to  secure 
a  liberal  intake  of  this  sugar,  either  through  generous  use  of  milk 
or  by  addition  to  their  diet  of  pure  lactose.  As  yet,  the  consumption 


Fig.  3.  Trend  of  the  annual  per 
capita  consumption  of  refined 
sugar  in  the  United  States  from 
1830  to  1945. 


of  lactose  in  this  country  is  far  less  than  the  amount  which  its  dairy 
industry  could  very  readily  supply.  The  sweeter,  more  soluble  form 
of  this  sugar  is  known  as  beta-lactose. 

Maltose  (malt  sugar)  occurs  in  germinating  cereals,  malt,  and 
malt  products.  It  also  appears  as  an  intermediate  product  when 
starch  is  digested  in  the  body.  Maltose,  whether  eaten  as  such  or 
formed  in  the  course  of  digestion,  is  not  absorbed  to  any  important 
extent,  but  is  further  broken  down  in  the  digestive  tract,  each 
molecule  of  maltose  yielding  two  molecules  of  glucose. 


Polysaccharides 

Complex  carbohydrates,  each  molecule  of  which  represents 
many  molecules  of  monosaccharide,  are  called  polysaccharides. 
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Starch,  the  dextrins,  glycogen  (“animal  starch”),  cellulose,  and 
the  hemicelluloses,  are  the  only  members  of  this  group  which  need 
be  mentioned  here. 

Starch  (whose  ultimate  digestion-product  is  glucose)  is  the  form 
in  which  plants  store  the  largest  part  of  their  reserve  carbohydrate 
material,  and  is  of  great  importance  as  a  constituent  of  many 
natural  foods.  It  occurs  in  the  seeds,  roots,  tubers,  bulbs,  and  to 
some  extent  in  the  stems  and  leaves  of  plants.  It  constitutes  one- 
half  to  three-fourths  of  the  solid  matter  of  the  ordinary  cereal 
grains,  when  mature,  and  at  least  three-fourths  of  the  solids  of 
mature  potatoes.  Unripe  apples  and  bananas  contain  much  starch 
which  is  to  a  large  extent  changed  into  sugars  as  these  fruits  ripen; 


Potato  Wheat  Corn 


Fig.  4.  Granules  of  starches  prepared  from  potatoes,  wheat,  and  corn.  In  each 
case,  the  granules  are  magnified  about  300  diameters. 


while,  on  the  other  hand,  young  tender  corn  (maize)  kernels  and 
peas  contain  sugar  which  is  transformed  into  starch  as  these  seeds 

mature. 

Starch  granules  of  some  typical  plants  are  shown  in  Tig.  4.  4  he 
differences  in  size,  shape,  and  variability  are  significant  both  in 
identifying  starches  as  to  source  (botanical  species),  and  as  affect¬ 
ing  the  ease  and  economy  with  which  a  starch  can  be  separated 
from  the  materials  which  accompany  it  in  nature.  Thus  corn¬ 
starch  granules  are  fairly  uniform  in  size  and  shape  (Fig.  4)  and 
can  be  washed  (for  removal  of  other  substances  naturally  occur¬ 
ring  in  corn)  with  but  little  loss.  In  contrast,  wheat  starch  contains 
many  large  and  also  many  much  smaller  granules  which  (as  they 
settle  much  more  slowly)  must  be  largely  lost  when  the  larger 
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grains  are  purified  by  washing.  This  is  one  of  the  reasons  that 
cornstarch  is  cheaper  than  correspondingly  purified  wheat  starch. 
Another  reason  (in  the  United  States)  is  the  enormous  size  of  oui 
national  corn  crop — averaging  about  three  times  as  many  bushels 
of  corn  as  of  wheat.  Norman  Kennedy  estimates  (1949)  that  an 
average  United  States  corn  crop  contains  about  100,000,000,000 
pounds  of  starch.  In  this  country,  much  the  greatest  part  of  the 
corn  produced  is  fed  to  farm  animals. 

Each  molecule  of  starch  contains  many  glucose  units. 

Starch  granules  are  insoluble  in  cold  water  and  apparently  little 
affected  by  it;  on  warming,  however,  they  absorb  water  and  swell, 
passing  eventually  into  a  sort  of  semi-solution,  and  in  this  state 
they  are  very  much  more  easily  digested  than  is  raw  starch. 

In  digestion,  the  starch  of  the  food  is  changed  into  smaller 
polysaccharides,  the  dextrins,  and  these  into  the  disaccharide  mal¬ 
tose.  Since,  as  already  indicated,  maltose  is  further  digested  into 
glucose,  it  is  as  glucose  that  the  large  quantities  of  carbohydrates 
eaten  in  the  form  of  starch  become  available  to  the  body. 

Glycogen  is  very  similar  in  chemical  composition  to  starch,  and 
as  it  plays  in  some  respects  much  the  same  role  in  animals  which 
starch  plays  in  plants,  it  is  sometimes  called  animal  starch.  It  oc¬ 
curs  in  many  parts  of  the  animal  body,  predominantly  in  the  liver 
and  the  muscles. 

Cellulose  is  familiar  as  a  woody  or  fibrous  material  occurring  in 
the  cell  walls  of  all  vegetable  tissues.  It  is  a  polysaccharide  of  glu¬ 
cose,  more  resistant  than  starch,  and  is  only  softened  ( not  hydro¬ 
lyzed)  by  cooking  processes. 

The  hemic elluloses  are  polysaccharides  which  botanically  resem¬ 
ble  cellulose  in  belonging  to  the  walls  rather  than  to  the  contents 
of  plant  cells.  Chemically,  they  are  not  so  well  defined  as  cellulose, 
and  hemicelluloses  from  various  sources  have  been  reported  to  yield 

on  hydrolysis  different  monosaccharides  or  mixtures  of  mono¬ 
saccharides. 


Usually  a  large  proportion  of  the  cellulose  and  hemicellulose  of 
our  food  remains  undigested  and  so  gives  bulk  to  the  intestinal 
residue.  This  has  some  effect  upon  its  regular  movement.  It  is  well 
o  remember  that  individuals  vary  as  to  what  constitutes  sufficient 

db  e  m att°Uth0°  r°Ughage;  and  als°  ‘hat,  not  only  indiges¬ 

tible  matter,  but  fruits  or  their  juices  as  well,  may  be  efficient  in 
promoting  intestinal  regularity.  '  * 
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FATS  AND  LIPOIDS 
The  Nature  and  Scientific  Significance  of  the  Fats 

Fats  are  composed  of  the  same  three  chemical  elements  as  are 
the  carbohydrates,  namely,  carbon,  hydrogen,  and  oxygen,  but  in 
different  proportions  so  that  fats  constitute  a  much  more  concen¬ 
trated  form  of  fuel  than  do  carbohydrates. 

The  true  fats  are  chemically  triglycerides,  i.e.,  the  molecule  of 
fat  yields  on  digestion  one  glycerol  and  three  fatty  acid  molecules. 

The  names  applied  to  the  individual  fats  generally  indicate  their 
fatty  acid  composition;  as  for  example,  tristearin,  which  contains 
three  stearic  acid  radicles;  oleo-dipalmitin,  which  contains  one  oleic 
and  two  palmitic  acid  radicles;  stearo-oleo-palmitin,  which  has  one 
radicle  each  of  stearic,  oleic,  and  palmitic  acids. 

The  three  fatty  acids  just  named  are  the  ones  which  occur  most 
abundantly  in  food  fats  generally.  Others  are  more  characteristic 
of  particular  fats  e.g.,  the  butyric  acid  of  butter. 

A  number  of  the  fatty  acids  are  listed  with  their  chemical  formu¬ 
lae  in  the  Appendix  at  the  back  of  this  book. 

Typical  fats  are  not  soluble  in  water  but  can  be  dissolved  in  a 
fat-solvent  such  as  ether,  “petroleum  ether,”  chloroform,  or  carbon 
tetrachloride.  In  the  preparation  of  food  fats,  however,  solvents 
are  rarely  used.  Butter  is,  of  course,  obtained  by  churning,  and 
most  other  fats  are  “rendered”  either  by  pressing  the  fat  out  of  the 
tissue,  or  by  melting  the  fat  and  removing  the  residual  tissue  b\ 
settling  or  straining,  or  both. 

The  common  commercial  food  fats  have  a  wide  \  ariety  of 
origins:  butter  from  milk;  lard,  suet,  and  some  margarines  from 
meat  fats;  corn  oil  (maize  oil)  from  the  embryo  of  a  cereal  grain; 
peanut  (arachis)  and  soybean  oil  from  the  seeds  of  leguminous 
plants;  coconut  oil,  palm  oil,  and  palm  kernel  oil  from  the  seeds 
of  palms;  cottonseed  and  sesame  oils  from  the  seeds  of  other  plants, 

olive  oil  from  the  flesh  of  a  fruit. 

While  Italian  cookery  prefers  olive  oil  as  its  chief  fat,  American 

households  tend  to  follow  the  English,  French,  and  German  tradi¬ 
tion  of  using  butter  as  freely  as  income  allows,  with  lard  or  a  lard 
substitute”  as  next  choice,  meaning  by  lard  substitute  a  fat  mixture 
or  preparation  of  essentially  the  same  plasticity  and  melting  point 
as  lard.  Thus  cottonseed  oil  as  such  finds  relatively  slight  use  in 
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the  American  kitchen;  but  hydrogenated  to  the  consistency  of  lard 

it  finds  a  large  sale  as  a  cooking  fat. 

Liquid  fats  and  those  which  melt  at  our  body  temperature  are 
somewhat  more  readily  and  completely  digested  than  those  which 
are  much  harder.  Fats  in  general  tend,  however,  to  slow  down  the 
digestive  process;  and  the  more  so  the  greater  the  proportion  of  fat 
in  the  food  as  a  whole. 

Problems  of  fat  supply,  which  became  acute  in  the  First  World 
War  and  have  continued  to  receive  attention  since,  have  led  to  a 
broadening  of  attitude  of  the  consuming  public  toward  food  fats. 
Refined  cottonseed  oil,  whether  as  such  or  hydrogenated  to  the 
consistency  of  a  plastic  fat  like  lard,  has  come  to  have  a  much  more 
unquestioned  place  in  the  food  supply  than  formerly;  maize,  pea¬ 
nut,  and  soybean  oils  have  grown  rapidly  in  acceptance  as  human 
food,  particularly  in  margarine;  and  recently  there  has  been  de¬ 
scribed  the  preparation  from  Georgia  pecans  of  a  commercially 
practicable  refined  edible  oil  comparable  with  olive  oil. 

Some  highly  unsaturated  fatty  acid,  such  as  linoleic,  linolenic, 
or  arachidonic,  seems  to  be  a  nutritionally  essential  part  of  the 
diet.  As  the  quantity  which  the  food  must  furnish  evidently  need 
not  be  large,  and  as  these  nutritionally  essential  fatty  acids  appear 
to  be  widely  distributed  among  common  foods  of  various  types,  it 
seems  permissible  to  assume  that  ordinary  everyday  dietaries  will 
supply  this  need  without  any  special  planning. 


I' at-like  and  fat-soluble  Substances 

.  Fats  are  us^ally  accompanied  by  lipoids:  fat-like  substances  soluble 
either  in  fat  solvents  or  in  the  fat  itself.  Some  of  these,  including  the 
lecithins,  are  closely  related  to  fats  in  their  chemical  nature;  others, 
such  as  the  sterols,  are  “fat-like”  rather  in  their  physical  properties 
than  in  their  chemical  natures.  One  will  meet  the  lecithins  again 

among  phosphorus  compounds,  and  the  sterols  in  connection  with' the 
vitamins  D. 

Lipins  and  lipids  are  names  sometimes  used  to  cover  both  the  true 
fats  and  the  lipoids  of  all  kinds. 

The  choice  among  fats  as  food  is  now  largely  (and  very  logically) 
influenced  by  the  fact  that  some  contain  relatively  much  and  Xrs 
practically  none  of  the  important  fat-soluble  yitamin  A,  consideration 

of  which  ts  here  deferred  to  Chapter  XV. 
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Prominence  of  Fat  in  Some  Everyday  Food  Problems 

Scientifically  it  has  been  shown  that  fat*  and  carbohydrate  are 
interchangeable  as  body  fuel  throughout  a  very  wide  range  of 
proportions.  In  practice,  there  are  certain  facts,  partly  physiological 
and  partly  psychological,  which  tend  to  make  the  proportion  of  fat 
in  the  food  a  prominent  factor  in  practical  dietetics. 

Fat  is  not  only  a  food  of  high  fuel  value;  foods  also  seem  “richer’' 
the  more  fat  they  contain,  and  correspondingly  they  “stay  by’’ 
longer.  The  latter  expression  means  chiefly  that,  other  things  being 
equal,  the  more  fat  a  given  meal  contains  the  longer  the  time  be¬ 
fore  it  will  have  left  the  stomach.  It  is  when  the  stomach  is  empty 
that  the  muscular  contractions  of  its  walls  give  rise  to  the  “pangs’' 
of  hunger.  Hence  among  the  peoples  of  the  Western  World  who 
have  become  accustomed  to  a  fairly  liberal  use  of  fat  in  their  daily 
food,  any  shortage  of  fat  is  felt  both  in  the  difficulty  of  getting 
the  desired  effects  in  cookery  and  in  the  fact  that  the  low-fat  meals 
leave  the  stomach  more  quickly  so  that  there  is  more  sensation 
of  hunger  before  the  next  meal.  When  the  physiological  effect  is 
further  complicated  by  the  anxiety  accompanying  a  period  of  in¬ 
adequate  and  uncertain  food  supply,  the  shortage  of  fat  may  be¬ 
come  a  real  factor  in  impairment  of  morale. 

In  1949  the  Bureau  of  Human  Nutrition  and  Home  Economics 
of  the  U.  S.  Department  of  Agriculture  published  the  results  of  a 
survey  begun  in  the  previous  year  upon  fats  and  oils  consumed  by 
city  families.  Information  was  gathered  from  about  1,600  house¬ 
keeping  families  in  68  cities.  Then  four  cities— Birmingham,  Buf¬ 
falo,  Minneapolis-St.  Paul,  and  San  Francisco  taken  as  represen¬ 
tative  of  different  parts  of  the  United  States,  were  studied  more 
intensively.  Table  fats  were  used  in  all  four  cities  in  total  quantities 
of  about  0.4  pound  per  person  per  week.  Other  food  fats  were  con¬ 
sumed  to  the  extent  of  about  0.4  pound  to  0.7  pound  per  person 
per  week  The  largest  per  capita  consumption  of  total  fat  was  1.10 
pounds  a  week  in  Birmingham.  “This  reflects  the  prevalence  in 
Birmingham  of  home  baking  of  hot  breads  and  of  frying  as  a 
method  of  food  preparation.”  Minneapolis-St.  Paul  used  the  smal¬ 
lest  amount  of  total  fat  (0.79  pound  per  person  per  week)  but  the 


*  When  as  in  the  case  of  the  proteins,  the  fats,  or  the  carbohydrates,  the  mem¬ 
bers  of  a  r’elated  group  admit  of  a  generalized  statement,  the  collective-smgular 

form  of  the  group  name  is  commonly  used. 


THE  MORE  ABUNDANT  NUTRIENTS  IN  FOODS 


23 


largest  amount  of  butter  per  person.  Buffalo  and  San  Francisco 
used  amounts  per  person  intermediate,  both  in  total  fats  and  in 
butter,  between  Birmingham  and  Minneapolis-St.  Paul. 

The  art  of  dietetics  as  practiced  in  America  and  Europe  tends 
to  furnish  from  one-fourth  to  one-third  of  the  total  food  calories  in 
the  form  of  fat.  With  much  less  than  one-fourth  there  may  be  dis¬ 
satisfaction  for  such  reasons  as  mentioned  above,  while  much  more 
than  one-third  of  the  food  calories  in  the  form  of  fat  may  tend  to 
give  rise  to  sensations  of  excess. 

When  food  is  so  rich  in  fat  as  to  stay  too  long  in  the  stomach,  f 
this  organ  may  become  fatigued  or  may  even  rebel.  Here  impor¬ 
tance  may  also  be  attached  to  the  way  in  which  the  fat  is  used  in 
cookery.  Fried  foods  are  apt  to  come  under  special  suspicion  (1) 
that  they  may  have  been  allowed  to  absorb  too  much  fat,  and  (2) 
that  irritating  substances  may  have  been  formed  in  the  fat  by  the 
heating  to  which  it  was  subjected  in  the  frying  pan.  Hence  the 
advice  to  sear  quickly  the  surface,  especially  of  meat,  and  then 
lower  the  temperature  so  that  the  interior  “cooks  in  its  own  juice.” 
Clearly,  too,  a  surface  water-proofing  of  fat,  such  as  will  keep  the 
food  juices  in,  must  also  tend  to  keep  the  digestive  juices  out;  so 
that  the  presence  of  fat  retards  the  digestion  of  carbohydrates  and 
proteins,  and  the  more  so  the  more  the  fat  has  been  cooked  into 
the  rest  of  the  food. 


PROTEINS 

Carbohydrates  and  fats  are  the  chief  sources  of  energy  for  the 
activities  of  the  body  but  not  the  chief  constituents  of  which  the 
active  tissues  are  composed.  Muscle  tissue,  for  example,  contains 
ut  little  carbohydrate,  and  often  very  little  fat.  The  chief  organic 
constituents  of  the  muscles,  and  of  the  protoplasm  of  plant  and 
animal  cells  genera'ly,  are  substances  which  contain  nitrogen  and 
sulfur  m  addition  to  the  carbon,  hydrogen,  and  oxygen  of  which 
the  carbohydrates  and  fats  are  composed.  In  1838,  the  Dutch 
chemist  Mulder  separated  and  described  a  nitrogenous  material 
Which  he  believed  to  be  the  fundamental  constituent  of  tissue  sub 

meaninga“toStaaVke  ‘th^fi  derived  fr°m  a  Greek  verb 

did  no"  prove  d  be  of  S‘  P  Mulder’S  chemical 
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used  as  a  group  name  for  a  large  number  of  different  but  related 
nitrogenous  organic  compounds  which  are  so  prominent  among 
the  constituents  of  the  tissues  and  of  food  that  they  may  still  be 
accorded  some  degree  of  preeminence  by  the  student  of  nutrition. 

Any  typical  protein  molecule  is  very  large  and  complex,  com¬ 
posed  essentially  of  a  great  number  of  comparatively  simple  units, 
the  amino  acids.  When  proteins  are  digested  the  amino  acids  are 
set  free.  Typically  there  are  formed  a  number  of  intermediate  prod¬ 
ucts  proteoses ,  peptones,  peptides  (corresponding  to  the  dextrins 
and  maltose  in  the  digestion  of  starch)  and  ultimately  the  simple 
amino  acids  as  final  digestion  products  (corresponding  to  the 
monosaccharides  which  are  the  final  products  of  the  digestion  of 
carbohydrates).  Thus  the  relation  of  amino  acid  to  protein  is 
analogous  to  the  relation  of  glucose  to  starch.  There  is,  however, 
the  important  difference  that  the  glucose  molecules  yielded  by 
starch  are  all  alike  while  the  amino  acid  molecules  yielded  by  pio- 


teins  are  of  several  different  kinds. 

Nutritional  characteristics  of  the  different  kinds  of  amino  acids 

will  be  studied  in  Chapter  VI. 

It  is  believed  that  in  general  the  protein  in  each  kind  of  tissue 
of  each  species  of  plant  or  animal  is  chemically  distinct  from  the 
protein  of  every  other  tissue  and  species.  When  one  considers  that 
each  molecule  of  protein  may  contain  several^  hundred  amino-acid 
units  of  as  many  as  twenty-one  different  kinds,  this  almost  un¬ 
limited  number  and  diversity  of  the  proteins  in  nature  becomes  in 


some  measure  understandable.  _  . 

Plants  synthesize  their  own  proteins  from  inorganic  materials  o  d- 
tained  from  the  soil  and  air.  Animals,  on  the  other  hand,  must 
depend,  for  material  from  which  to  build  their  tissue  proteins,  upon 
the  digestion  products  of  the  proteins  of  their  food.  Some  of  the 
amino  acids  may  be  formed  in  the  body  from  other  ammo  acids 
and  so  need  not  individually  be  furnished  by  the  food  proteins. 
Others  which  contain  characteristic  chemical  structuies  oi  group¬ 
ing  that  the  body  cannot  obtain  from  other  sources  or  make  for 
itself  must  be  supplied  in  some  form  in  the  nutriment.  These  latter, 
which  are  frequently  designated  as  the fispensMe  or  ^ 

essential  amino  acids  will  be  discussed  more  fully  in  the  study  ol 
protein  requirements  in  nutrition  and  the  relative  merits  of  differ¬ 
ent  foods  2,  meeting  these  requirements  (Chapters  VI  and  XIX). 
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determination  of  proteins,  fats, 

AND  CARBOHYDRATES  IN  FOODS 

Actual  descriptions  of  the  methods  of  food  analysis  lie  outside 
the  scope  of  this  book.  The  purpose  of  the  paragraphs  which  fol¬ 
low  is  simply  to  indicate  enough  of  the  general  plan  to  give  a  rea¬ 
sonable  feeling  of  acquaintance  with  the  meaning  of  the  percent¬ 
ages  as  used  in  subsequent  chapters  and  as  tabulated  in  the  Ap¬ 
pendix. 

Protein. — Not  only  do  all  proteins  contain  nitrogen;  they  all  con¬ 
tain  not  far  from  16  per  cent  of  nitrogen,  and  most  foods  contain 
only  relatively  insignificant  amounts  of  other  nitrogen  compounds. 
Hence,  to  find  the  amount  of  total  protein  which  a  food  contains, 
one  may  determine  the  amount  of  nitrogen  and  multiply  this  by 
6.25. 

Fat. — A  weighed  portion  of  the  air-dry,  finely  ground,  sample 
of  food  is  dried  until  completely  water-free;  then  extracted  with 
water-free  ether  (or  other  fat-solvent),  the  solvent  evaporated,  and 
the  fat  weighed. 

Carbohydrate. — While  there  are  analytical  methods  by  which 
each  of  the  more  important  carbohydrates  of  our  food  may  be  de¬ 
termined  individually  when  necessary,  it  is  often  considered  suffi¬ 
cient  to  determine  total  carbohydrate  “by  difference,”  i.e.,  by  sub¬ 
tracting  from  the  total  percentage  of  organic  matter  in  the  food 
the  percentages  of  protein  and  fat  found  as  above.  This  of  course 
involves  determinations  of  water  and  ash  in  order  that  the  total 
organic  matter  of  the  food  may  be  known. 

Water  is  determined  by  drying  to  constant  weight,  and  ash  by 
burning  off  the  organic  matter  of  the  dry  food  and  weighing  the 
residue  of  mineral  matter,  both  the  operations  and  the  interpreta¬ 
tions  requiring  the  observance  of  technical  precautions  the  full 
discussion  of  which  would  lead  us  beyond  the  scope  of  this  book. 

Mineral  elements  and  vitamins  are  important  but  are  not  among 
the  more  abundant  nutrients  in  foods.  Hence  they  are  not  discussed 
here  but  will  be  given  full  consideration  in  later  chapters. 


EXERCISES:  for  students,  instructor,  or  both  together 

ouL^df™?  ,h<’  STLCane  the  SUgar  bcct  thc  ,wo  economically 
outstanding  sources  of  the  world’s  supply  of  sugar? 
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2.  Using  the  library  facilities  available  to  you,  prepare  an  account  of 
one  or  more  of  the  following:  the  growing  and  harvesting  of  sugar 
cane  or  sugar  beets;  the  making  of  raw  sugar  from  cane  or  beets;  the 
refining  of  the  raw  sugar  into  the  white  crystallized  sugar  (granulated 
or  domino  sugar)  of  commerce;  the  present-day  corn  sugar  industry. 

3.  Distinguishing  between  “sugar”  and  “sugar  and  sweets,”  compare 
present  per  capita  sugar  consumption  of  your  country  with  that  of 
others;  and  with  those  of  1900  and  of  1925. 

4.  Examine  food  starches  under  the  microscope. 

5.  What  sugars  and  sirups  are  made  from  what  starches  on  an  in¬ 
dustrial  scale?  To  what  countries  and  to  what  times  does  your  answer 
refer? 

6.  Look  up  in  one  of  the  books  listed  below  under  Suggested  Read¬ 
ings  the  starch  contents  and  the  sugar  contents  of  potatoes  and  sweet- 
potatoes.  (We  do  not  write  “white  and  sweet  potatoes,”  because 
botanically  the  socalled  sweetpotato  is  not  a  kind  of  potato.  They  be¬ 
long  not  only  to  different  species  but  to  different  genera.  What  are 
their  scientific  names?) 

7.  How  do  potatoes  and  sweetpotatoes  differ  with  respect  to  other 
nutrient  factors?  Is  more  of  nutritive  value  lost  in  the  making  of  starch 
from  one  than  from  the  other?  (Use  the  index;  also  other  books.) 

8.  Why  have  we  an  industry  of  hydrogenation  of  fats,  which  changes 
unsaturated  into  saturated  fatty  acids,  when  the  nutritionally  essen¬ 
tial”  fatty  acids  belong  to  the  unsaturated  group? 
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WHAT  HAPPENS  TO  FOOD 
IN  THE  BODY: 

DIGESTION  AND  METABOLISM 


What  we  have  now  to  consider  is  how  the  foodstuffs  studied  in 
the  preceding  chapter  are  brought  into  the  actual  nutritional  serv¬ 
ice  of  the  body. 

Digestion  is  the  general  name  for  the  processes  by  means  of  which 
the  carbohydrates,  fats,  and  proteins  of  the  food  are  brought  by 
the  body  into  forms  fitted  for  absorption  from  its  digestive  tract 
into  its  true  interior, — the  blood  and  lymph,  the  spinal  fluid,  and 
the  organs  and  tissues. 

Metabolism  (derived  from  a  Greek  word  the  literal  meaning  of 
which  is  merely  “change”)  is  used  by  the  science  of  nutrition  as  a 
general  name  for  the  changes  which  the  digestion-products  undei- 
go  from  the  moment  of  their  absorption  until  they  have  reached 
the  end  products  of  the  nutritional  process. 

The  same  terms  thus  applied  to  the  food  as  a  whole  may  also  be 
applied  to  a  single  kind  of  nutrient,  as  when  we  speak  of  the  diges¬ 
tion  and  metabolism  of  carbohydrate;  or  of  fat;  or  of  piotein. 


Digestion 

The  process  of  digestion  of  the  food  as  a  whole  may  be  said  to 
have  four  general  effects:  (1)  it  brings  the  digestible  constituents 
of  food  into  fluid  form;  (2)  it  changes  the  more  complex  sugars 
and  the  starches  into  sugars  of  the  simplest  type,  monosaccha- 
rides”;  (3)  it  changes  fats  into  a  mixture  of  glycerol  and  fatty 
acids;’(4)  it  changes  proteins  into  a  mixture  of  amino  acids. 

The  significance  of  these  digestive  changes  is  of  a  two-fold  kind. 
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It  facilitates  the  absorption  of  the  nutrients;  and  it  results  in  their 
being  absorbed  in  the  form  of  their  simplest  “building-blocks,” 
from  which  the  body  tissues  can  reconstruct  carbohydrates,  fats, 
and  proteins  according  to  their  own  patterns. 

Or  instead  of  rebuilding  the  digestion-products  of  the  foodstuffs 
into  the  corresponding  tissue-stuffs,  the  body  may  use  the  digestion- 
products  as  fuel. 

Enzymes 


The  changes  which  the  foodstuffs  undergo  in  digestion  and 
metabolism  are  facilitated  and  greatly  hastened  by  the  presence 


(in  the  digestive  juices  and  in  the 
as  enzymes. 


Fig.  5.  Crystals  of  pepsin.  Contrast 
with  trypsin,  shown  in  Fig.  6.  Both 
are  representative  digestive  enzymes, 
isolated  in  crystalline  condition,  both 
typically  protein  in  their  chemical 
nature,  but  of  very  different  crystal¬ 
line  form.  (Courtesy  of  Dr.  J.  H. 
Northrop. ) 


active  cells)  of  substances  known 


By  definition,  enzymes  are  catalysts  formed  in  living  cells;  and 
catalysts  (or  catalytic  agents)  are  things  that  “act  by  contact,”  or 
more  particularly  they  are  things  which  act  very  significantly  in 

ringing  about  chemical  changes  without  themselves  being  used 
up  in  the  reaction.  & 

In  theory  such  a  catalyst  is  regarded  as  speeding-up  a  change 

may  mike  alll  nt6  S°  In  ^  **  enzymt 

rate  which  the,d  TT  between  a  rapid  rate  of  change  and  a 
rate  which  is  infinitely  slow.  Hence  one  often  sneaks  a,  if  the 

3“ rap“lbls '»  5*h'  u 
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Thus  the  enzymes  are  characterized  by  their  ability,  even  in  very 
small  amounts,  to  accelerate  changes  in  other  substances.  The  typi¬ 
cal  enzymes  are  specific  both  as  to  the  substance  on  which  each 
acts,  often  called  its  substrate,  and  with  regard  to  the  nature  of  the 
change  which  they  catalyze. 

Furthermore,  enzymes  formed  in  different  organs  of  the  body 
are  apt  to  be  at  least  slightly  different  in  their  own  chemical  nature, 


Fig.  6.  Crystals  of  trypsin. 
(Courtesy  of  Dr.  J.  H. 
Northrop.) 


even  in  those  cases  in  which  they  act  in  the  same  manner  upon  the 
same  substrate.  This  is  true,  for  example,  of  pepsin  and  trypsin  as 
seen  in  Figs.  5  and  6 ;  and  of  two  enzymes  which  both  take  part  in 
the  normal  digestion  of  starch,  and  which  will  serve  to  illustrate 

the  modern  system  of  naming  enzymes. 

By  this  system  the  name  of  an  enzyme  is  constructed  fiom  the 
name  of  the  substance  upon  which  it  acts,  with  the  suffix  -ase;  and 
the  noun  thus  formed  is  preceded  by  an  adjective  indicating  the 
source  of  the  enzyme.  Thus  in  the  present  example,  as  the  classical 
name  of  starch  is  amylum,  the  starch-digesting  enzymes  are  called 
amylases.  The  one  contained  in  saliva  is  called  salivary  amylase  and 
the  one  in  pancreatic  juice  is  called  pancreatic  amylase. 

Enzymes  which  digest  fats  are  called  lipases;  those  which  digest 

proteins  are  called  proteases . 
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There  are,  however,  several  important  instances  in  which  names 
assigned  before  this  plan  of  nomenclature  had  been  decided  upon 
still  continue  in  common  scientific  use,  as,  for  example,  pepsin  tor 
what  according  to  the  formal  system  would  be  called  gastric 

protease. 

In  this  chapter,  we  shall  be  chiefly  concerned  with  the  enzymes 
which  act  upon  food  in  its  course  through  the  alimentary  tract. 
Most  of  these  are  hydrolytic  enzymes,  i.e.,  they  accelerate  processes 
in  which  the  elements  of  water  enter  into  the  process  of  splitting  of 
the  foodstuff  into  its  digestion  products.  The  most  thoroughly  stud¬ 
ied  of  these  digestive  enzymes  have  all  been  found  to  be  typical 
proteins.  In  Figs.  5  and  6  are  shown  crystals  of  two  typical  digestive 
enzymes,  pepsin  and  trypsin,  prepared  in  a  purified  condition  by 
Northrop  and  his  coworkers. 

A  tabular  summary  of  the  best-known  digestive  enzymes  is  given 
in  the  Appendix. 

For  our  present  purpose  the  essential  point  is  that  the  digestive 
enzymes  (sometimes  called  “digestive  ferments'”)  result  in  the 
breaking  down  (by  hydrolysis)  of  the  carbohydrates,  fats,  and 
proteins  of  the  food  into  digestion-products  which  ( 1 )  are  more 
soluble  and  diffusible  and  thus  more  available  to  the  body  cells, 
and  (2)  are  simple  enough  to  be  readily  used  as  building-stones  in 
the  chemical  architecture  of  the  body  substances,  “tissue”  or  “regu¬ 
latory,”  or  to  function  readily  as  fuel  for  the  support  of  the  energy 
needs  of  nutrition. 


The  Course  of  the  Food  through  the  Digestive  Tract 

The  digestion  of  foodstuffs  may  perhaps  best  be  studied  by  first 
tracing  the  course  of  the  food  as  a  whole  through  the  digestive  tract 
and  then  taking  up  in  turn  the  fate  of  the  carbohydrates,  the  fats, 
and  the  proteins,  both  in  digestion  and  after  absorption. 

The  digestive  apparatus  includes  the  alimentary  tract, — essen¬ 
tially  a  tube  about  30  feet  long  in  a  grown  person, — and  the  glands 
uhose  secretions  are  poured  into  the  alimentary  tract  and  assist  in 
the  changes  taking  place  there.  The  general  features  of  the  arrange¬ 
ment  of  the  digestive  tract  are  familiar  to  almost  everyone,  and  are 
shown  diagrammatical^  in  Fig.  7.  As  will  appear  in  the  discussion 

T  1Ch  !°W*’  ^hlS  system  of  organs  is  specifically  adapted  to  per- 
orm  efficiently  both  the  mechanical  or  physical  functions  of  grind- 
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ing  and  shaking  the  food-masses  until  finely  divided  and  thoroughly 
mixed  with  the  digestive  juices;  and  also  the  chemical  functions  of 
providing  digestive  enzymes  and  surrounding  them  with  conditions 
favorable  to  their  activitv. 

J 

In  the  course  of  normal  digestion  these  functions  in  the  different 
parts  of  the  digestive  system  are  coordinated  partly  through  the 
nervous  system  and  partly  by  the  sending  ahead  of  “chemical 
messengers  (hormones)  to  prepare  the  digestive  apparatus  for 
the  oncoming  food  material.  Thus,  the  taste  of  food  (or  often  even 
the  thought  of  it)  may  initiate  the  secretion  of  digestive  juices  not 
only  in  the  mouth  but  also  in  the  stomach.  And  as  soon  as  the 

Stomach  - - 

Pylorus - 

Bi/e  Duct - 

Pancreatic  Duct 
Small  Intestine ' 


Lorqe  Intestine  - 

Fig.  7.  Diagram  of  the  digestive  tract,  repre¬ 
senting  schematically  the  relative  position  of 
the  stomach,  the  small  intestine,  and  the  large 
intestine;  and  indicating  the  point  at  which 
the  digestive  secretions  of  the  liver  and  the 
pancreas  enter. 

stomach  begins  to  allow  the  passage  of  the  partially  digested  food 
mixture  into  the  small  intestine,  a  chemical  messenger  (called 
secretin)  is  sent  from  the  intestinal  membranes  by  way  of  the  blood 
stream  to  the  pancreas  and  liver,  exciting  these  organs  to  increased 
production  of  secretions  which  are  discharged  into  the  small  in¬ 
testine  and  assist  in  the  digestive  processes  there. 

As  indicated  by  the  heading  of  this  section,  what  follows  is  an 
account  of  what  goes  on  in  the  successive  organs  of  the  digestive 
tract.  The  description  refers,  first,  to  the  mechanical  handling  of  the 
food-mass  as  a  whole  and,  second,  to  the  chemical  changes  which 
occur  in  the  carbohydrates,  the  proteins,  and  the  fats  of  the  food. 
These  are,  of  course,  the  physical  and  the  chemical  aspects  of  what 

the  digestive  tract  does  to  the  food. 

As  one  follows  the  course  of  the  food  through  the  digestive  tract 


DIGESTION  AND  METABOLISM 


33 


it  should  be  with  two  aspects  of  thought  in  mind:  How  should  the 
person  treat  the  digestive  system,  especially  as  to  what  is  swallowed 
and  in  what  circumstances;  and  what  service  may  then  be  expected 
from  the  digestive  system. 

The  scope  of  this  book  does  not  include  the  study  of  disorders. 
The  following  outline  therefore  presumes  that  we  are  dealing  with 
a  well-treated  and  well-behaved  digestion. 

In  the  mouth  the  food  should  be  not  merely  softened  and  lubri¬ 
cated  so  that  it  can  be  swallowed  easily;  it  should  be  chewed  thor¬ 
oughly  to  reduce  it  to  particles  of  the  smallest  size  and  to  mix  the 
saliva  intimately  through  every  bit  of  the  food  mass.  Only  when 
the  food  has  been  chewed  until  reduced  to  very  small  particles  can 
the  different  digestive  juices  act  upon  it  to  best  advantage.  In  the 
mode  of  attachment  of  the  jaw  and  in  the  strength  of  its  muscles, 
we  are  provided  by  nature  with  an  ample  and  efficient  mechanism 
for  the  proper  chewing  of  our  food.  But  nature  has  made  chewing 
a  voluntary  act;  thus  leaving  it  to  our  own  intelligence  and  will 
to  determine  the  thoroughness  with  which  this  first  act  of  the  di¬ 
gestive  process  shall  be  performed.  Such  rules  as  that  one  should 
chew  a  given  number  of  times  upon  each  mouthful  may  be  help¬ 
ful,  but  are  too  mechanical  to  satisfy  one  who  takes  an  intelligent 
interest.  A  more  rational  though  perhaps  somewhat  more  extreme 
rule  is  that  each  mouthful  should  be  chewed  as  long  as  any  taste 
can  be  perceived  or  until  swallowing  is  entirely  unconscious.  It  is 
a  mistake  to  suppose  that  such  thorough  chewing  greatly  reduces 

the  amount  of  food  required;  but  for  other  reasons  it  is  an  ex¬ 
cellent  habit. 


While  the  food  is  in  the  mouth,  the  several  groups  of  salivary 
glands  pour  out  their  secretion  upon  it.  This  saliva  is  the  only  di¬ 
gestive  juice  which  ordinarily  comes  directly  under  our  observa¬ 
tion,  and  perhaps  because  it  is  familiar  we  are  apt  to  underestimate 

ware8"  "a"'''  WC  ^  *hat  a  temPtin§  dish  “makes  the  mouth 
water,  and  are  apt  to  think  of  this  as  a  property  of  the  food  rather 

than  as  an  important  first  step  in  digestion.  The  actual  part  plaved 

by  the  saliva  in  the  process  of  digestion  is  much  greater  than  las 

Sr  Thd  SaliVa  ha'ln°  appredab,e  P  “ 

tively  little  chemical” 
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mouth,  under  favorable  conditions  the  salivary  amylase  may  con¬ 
tinue  to  act  on  food  carbohydrates  in  the  stomach  for  some  time 
before  the  acid  gastric  secretion  reaches  it  in  sufficient  amount  to 
halt  its  activity. 

To  end  a  meal  with  (or  to  follow  a  meal  by)  the  eating  of  raw 
fruit  or  celery,  when  one  can  conveniently  arrange  to  do  so,  is  an 
excellent  habit  for  several  reasons.  The  discussion  of  the  ultimate 
nutritional  benefit  belongs  to  later  chapters;  but  some  of  the  more 
immediate  advantages  should  be  noted  here.  The  combined  me¬ 
chanical  action  of  the  vegetable  fiber  and  chemical  action  of  the 
mild  fruit  acid  leave  the  mouth  in  the  best  possible  condition  with  a 
sensation  of  savory  cleanliness  and  toning  up  which  is  well  worth 
while  in  itself;  and  which  also  sends  nerve  impulses  and  chemical 
messengers  which  greatly  aid  the  successive  steps  in  the  digestive 
process. 

In  the  stomach ,  the  food  is  stored  for  a  longer  or  shorter  time 
depending  largely  upon  the  size  and  character  of  the  meal.  The 
walls  of  the  stomach  are  so  elastic  that,  as  expressed  by  Howell 
there  is  “never  any  empty  space  within;  its  cavity  is  only  as  large 
as  its  contents,  so  that  the  first  portion  of  food  eaten  entirely  fills  it 
and  successive  portions  find  the  wall  layer  occupied  and  are  there¬ 
fore  received  into  the  interior.”  There  is  thus  no  general  circulation 
and  mixing  of  the  stomach  contents  during  or  immediately  follow¬ 
ing  a  meal.  This  was  well  illustrated  in  an  experiment  in  which  a 
rat  was  fed  a  liberal  meal  in  three  courses,  each  food  of  a  different 
color.  This  animal  was  then  killed,  frozen,  and  the  stomach  con¬ 
tents  examined.  The  food  which  had  been  eaten  first  lay  next  to 
the  wall  of  the  stomach  and  filled  the  part  of  the  stomach  which 
connects  with  the  intestine,  while  the  food  last  eaten  lay  in  the  in¬ 
terior  of  the  stomach  contents  near  the  point  at  which  it  had  been 
pushed  into  the  stomach  by  the  act  of  swallowing,  fig.  8  represents 
somewhat  diagrammatically  the  relative  position  of  food  portions 
in  the  stomach  during  normal  digestion  according  to  the  sequence 
in  which  they  were  eaten. 

Not  much  nutriment  is  actually  absorbed  from  the  stomach, 
although  some  such  absorption  occurs  in  the  case  of  such  things 
as  the  monosaccharides  and  the  soluble  salts  of  the  food  which  as 
swallowed  are  already  in  the  forms  in  which  they  will  be  absorbed. 
\  larger  factor,  in  the  quickness  with  which  nutriment  is  absorbed 
in  any  important  quantity,  is  the  promptness  of  its  passage  through 
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the  stomach  and  into  the  small  intestine  whose  wall  is  a  much  more 
effective  absorbing  surface. 

As  all  food-masses  should  be  thoroughly  moist  throughout  when 
they  are  swallowed,  and  in  the  stomach  are  further  wetted  by  the 
gastric  juice,  the  water  (or  solution  of  foodstuffs  in  water)  which 
is  swallowed  as  such  during  a  meal  need  not  soak  into  the  whole 
foodmass  in  the  stomach  but  may  (and  largely  does)  find  its  way 
along  the  “lesser  curvature”  of  the  stomach  wall*  from  the  esopha¬ 
gus  to  the  pylorus,  and  thus  pass  more  quickly  into  the  small  in¬ 
testine  than  does  the  bulk  of  either  the  protein,  the  fat,  or  the  car¬ 
bohydrate  of  the  ordinary  solid  food. 

Fig.  8.  Diagram  of  the  stomach 
and  the  status  of  its  contents 
during  digestion.  The  position  of 
the  food  last  swallowed  is  here 
indicated  by  the  speckled  area, 
that  of  the  intermediate  portion  of 
food  by  the  horizontal  shading, 
whereas  the  food  first  eaten,  which 
has  been  pushed  into  the  pyloric 
region  and  there  thoroughly  mixed  with  the  gastric  juice,  is  represented  by 
the  cross-hatched  shading.  The  stomach  wall  is  thicker  and  much  more  muscu¬ 
lar  from  the  region  of  the  transverse  band  to  the  pylorus,  while  the  wall  of 
the  fundus  is  relatively  thin,  passive,  and  elastic. 


As  in  the  case  of  any  other  organ,  a  detailed  study  of  the  func¬ 
tions  of  the  stomach  would  involve  a  knowledge  of  its  structure. 
Omitting  all  but  what  is  essential  to  our  present  purpose,  we  may 
speak  of  the  stomach  as  consisting  of :  ( 1 )  a  larger  part  called  the 
fundus  or  cardiac  region,  into  which  the  food  is  received  when 
swallowed,  and  which  is  very  elastic  and  becomes  distended  as  the 
stomach  stretches  to  accommodate  more  food;  and  (2)  the  antrum 
or  pyloric  region,  a  much  smaller  part,  conical  in  shape,  and  ending 
in  the  pylorus,  the  muscular  valve  which  connects  the  stomach  with 
the  small. intestine.  A  region  of  especially  thick  circular  muscle 
hbers  known  as  the  transverse  band  is  considered  as  marking  the 

bounriary  between  the  cardiac  and  the  pyloric  regions  of  the  stom- 
ach.  (Fig.  8). 

By  mixing  some  harmless  mineral  substance  such  as  bismuth 

SHaPn  and  position  of  the  stomach  are  such  that  Fig  8  may  be  regarded 
as  about  equally  representative  of  a  vertical  or  a  horizontal  section  § 
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subnitrate  with  the  food  it  becomes  possible  to  observe  the  contour 
and  movements  of  the  food  mass  in  the  digestive  tract  by  means  of 
the  x-iay.  In  this  way  it  was  shown  that  only  in  the  pyloric  region 
are  the  food  masses  and  the  gastric  juice  actively  mixed  by  mus¬ 
cular  contractions  (See  Fig.  8)  ;  in  the  fundus  the  swallowed  masses 
of  food  and  saliva  remain  comparatively  undisturbed,  so  that  in 
this  part  of  the  stomach  the  salivary  digestion  of  starch  may  con¬ 
tinue  for  a  relatively  long  time. 

In  the  region  of  the  transverse  band  there  is,  during  digestion,  a 
rather  copious  secretion  of  strongly  acid  gastric  juice,  and  it  is  in 
this  same  region  that  waves  of  muscular  constriction  are  seen  to 
originate  and  from  which  they  travel  toward  the  pylorus.  But  the 
pylorus  does  not  open  at  the  approach  of  each  of  these  waves  and 
the  material  caught  between  the  muscular  wave  and  the  closed 
pylorus  is  subjected  to  pressure  and  to  an  eddying  movement  which 
mixes  it  and  reduces  it  to  a  creamy  chyme.  As  the  food  thus  becomes 
mixed  wdth  the  acid  secretion,  salivary  digestion  of  starch  ceases; 
and  the  digestion  of  protein  is  begun  by  the  enzyme  pepsin,  which 
requires  an  acid  medium  for  its  activity.  There  is  also  present  in  the 
gastric  secretion  a  fat-splitting  enzyme  ( gastric  lipase ),  but  its  ac¬ 
tivity  under  the  conditions  usually  prevailing  in  the  stomach  is 
rather  limited.  The  flow  of  gastric  juice  is  affected  by  many  factors, 
prominent  among  which  are  appetite  for  the  food,  pleasurable  sen¬ 
sations  when  the  food  is  being  chewed,  freedom  from  emotional 
tension,  and  the  presence  in  the  stomach  of  certain  substances  in¬ 
cluding  water,  dilute  acids,  fruit  and  meat  juices,  and  many  other 
food  constituents  which  have  stimulating  effects  upon  gastric  secre¬ 
tion.  This  fact  affords  sound  scientific  justification  for  the  common 
practice  of  beginning  a  meal  with  a  dilute  (watery)  yet  stimulat¬ 
ing  first  course  such  as  soup  or  fruit. 

The  free  hydrochloric  acid  of  the  gastric  juice  has  not  only  a  di¬ 
gestive  but  also  an  antiseptic  function,  for  this  acid  is  a  fairly  effi¬ 
cient  germicide.  If  the  food,  by  thorough  chewing,  has  been  broken 
into  very  small  particles  so  that  any  bacteria  which  it  contains  are 
freely  exposed  to  the  gastric  juice,  the  latter  will  afford  a  much 
more  effective  protection  against  the  passage  of  objectionable  bac¬ 
teria  through  the  stomach  into  the  intestine  than  is  possible  when 
some  of  the  food  particles  are  too  large  to  be  completely  permeated 
by  the  acid  during  the  time  that  the  acid  chyme  remains  in  the 

stomach. 
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At  intervals  the  pylorus  opens  and  permits  the  passage  of  chyme 
into  the  small  intestine.  As  the  food  in  the  pyloric  region  is  thus 
gradually  passed  out  of  the  stomach,  fresh  portions  of  the  food  mass 
in  the  fundus  are  pressed  into  the  antrum  by  the  muscular  tension 
of  the  stomach  wall. 

Thus,  while  the  dividing  line  is  not  sharp  nor  prominent  there 
is  a  fairly  distinct  difference  both  in  structure  and  in  function  be¬ 
tween  the  two  regions  of  the  stomach:  In  the  thin-walled  elastic 
fundus  the  food  mass  is  held  quietly  in  storage  and  salivary  diges¬ 
tion  of  starch  continues;  in  the  thick-walled  antrum  with  its  per¬ 
istaltic  waves  of  muscular  constriction  the  food  is  mixed  with  the 
gastric  juice,  salivary  digestion  ceases,  peptic  digestion  of  proteins 
begins,  and  the  food  is  more  or  less  thoroughly  disinfected  by  the 
free  acid  of  the  gastric  juice. 

The  stomach  as  a  whole  may  therefore  be  said  to  have  four  main 
functions.  It  serves:  (1)  as  a  storage  reservoir  receiving  food  in 
relatively  large  quantities,  say  three  times  a  day,  and  passing  it  on 
to  the  intestine  in  small  portions  at  frequent  intervals;  (2)  as  a 
place  for  the  continuation  of  the  salivary  digestion  of  starch;  and 
(3)  for  the  beginning  of  the  digestion  of  proteins  and  perhaps  fats; 
and  finally  (4)  as  a  disinfecting  station  of  somewhat  doubtful  and 
variable  value  since  the  food  is  subjected  to  the  acidity  of  the  gastric 
juice  for  a  relatively  short  time  in  the  pyloric  region,  and  the  de¬ 
gree  of  contact  of  acid  with  bacteria  must  depend  largely  upon 
the  size  of  the  food  particles  at  this  stage  of  digestion. 

The  length  of  time  spent  by  food  in  the  stomach  depends  in  part 
upon  the  proportions  of  carbohydrate,  protein,  and  fat  eaten.  In 
experiments  where  each  is  eaten  separately,  protein  food  stays 
longer  in  the  stomach  than  carbohydrate;  fat  longer  than  protein; 
and  mixtures  of  fat  and  protein  longest  of  all.  In  a  mixed  diet,  then, 
the  greater  the  proportion  of  fat  the  longer  the  food  stays  in  the 
stomach.  This  action  of  fat  may  be  either  disadvantageous  or  ad¬ 
vantageous  according  to  circumstances.  Excessive  fat  may  retard 
digestion  unduly  and  lead  to  discomfort;  on  the  other  hand,  too 
httle  fat  may  result  in  such  early  emptying  of  the  stomach  that 
unger  pangs  are  felt  too  shortly  after  the  meal  is  eaten. 

In  the  small  intestine,  the  food,  which  (as  we  saw)  has  already 
been  reduced  to  a  liquid  chyme,  is  subjected  to  the  simultaneous 

an  i°the0f  hr,eC  <?lfferent  secretlons<  the  bile,  the  pancreatic  juice, 
and  the  intestinal  juice  (or  succus  entericus).  These  three  secretions 
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all  contain  alkaline  salts  which  quickly  overcome  the  acidity  of  the 
chyme  so  that  the  intestinal  contents  as  a  whole  are  normally 
alkaline.  The  bile  does  not  seem  to  exert  any  direct  digestive  action 
but  by  its  solvent  and  dispersive  action  on  fats  and  fatty  acids  it 
not  only  assists  the  fat-splitting  enzymes  to  come  into  more  effec¬ 
tive  contact  with  their  substrate,  but  also  facilitates  the  absorption 
of  the  fatty  acids  formed  as  the  result  of  their  activity.  Pancreatic 
juice  contains  digestive  enzymes  for  each  of  the  three  groups  of 
foodstuffs — proteins,  fats,  and  carbohydrates.  The  intestinal  juice 
takes  part  in  the  digestion  of  both  proteins  and  carbohydrates.  For 
fuller  information  regarding  the  specific  enzymes  involved,  Ap¬ 
pendix  B  may  be  consulted. 

In  the  upper  part  of  the  small  intestine  there  occurs  a  special 
sort  of  muscular  contraction  which  quickly  emulsifies  the  fat  by 
shaking  it  back  and  forth  with  the  alkaline  juices  and  bile,  at  the 
same  time  promoting  the  digestion  of  all  of  the  foodstuffs  by  bring¬ 
ing  them  into  intimate  association  with  their  digestive  enzymes 
and  facilitating  absorption  by  constantly  pressing  fresh  portions 
of  the  digesting  mixture  against  the  intestinal  walh  In  addition  t*' 
this  peculiar  movement  which  is  characteristic  of  the  upper  part  01 
the  small  intestine,  there  occurs  throughout  its  length  a  succession 
of  peristaltic  waves  of  muscular  constriction  which  force  the  food 
mass  against  the  absorbing  surface  and  move  it  onward  along  the 
digestive  canal.  In  the  wall  of  the  small  intestine  there  are  many 
cross-folds  and  innumerable  tiny  projections  (villi)  extending,  like 
the  fingers  of  a  glove,  into  the  central  cavity  (the  lumen),  which 
enormously  increase  the  area  of  surface  with  which  the  digested 
food  mixture  comes  into  contact  and  facilitate  the  transfer  of  di¬ 
gestion  products  from  the  lumen  of  the  intestine  to  the  circulating 
fluids  of  the  body,  the  blood  and  the  lymph.  For,  in  addition  to 
the  reasons  already  suggested,  every  wave  of  muscular  pressure 
tends  to  force  the  blood  and  lymph  from  the  villi  onward  into  the 
body  to  be  replaced  by  fresh  blood  and  lymph  from  the  general 
circulation  (and  with  renewed  avidity  for  the  digestion  products) 
as  soon  as  the  muscular  wall  relaxes  again.  The  small  intestine,  with 
its  abundance  of  enzymes  and  exceptionally  favorable  mechanical 
conditions,  is  thus  well  adapted  to  the  processes  of  digestion  and 
absorption  and  it  is  here  that  the  greater  part  of  the  digestion  prod¬ 
ucts  of  the  three  major  groups  of  organic  foodstuffs  are  absorbed. 
From  observations  on  a  patient  whose  digestive  processes  were  ap- 
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parently  normal  it  was  found  that  85  per  cent  of  the  protein  of  the 
food  had  been  absorbed  before  the  food  left  the  small  intestine. 

In  the  large  intestine,  the  digestive  juices  continue  to  act  upon 
the  remnants  of  the  foodstuffs  and  a  further  absorption  of  diges¬ 
tion  products  takes  place,  along  with  a  very  marked  absorption  of 
water.  The  material  remaining  unabsorbed  gradually  becomes 
more  solid  and  takes  on  the  character  of  feces.  A  comparatively 
long  time  (often  18  hours  or  more)  may  normally  elapse  between 
the  entrance  of  the  digestion  mixture  into  the  large  intestine  and 
'he  elimination  of  the  residual  material  from  the  body. 


Fate  of  the  Individual  Foodstuff’s  in  Digestion 
and  Metabolism 

The  changes  which  some  of  the  more  prominent  organic  con¬ 
stituents  of  the  food  undergo  in  digestion  and  after  absorption  may 
now  be  considered  individually.  As  a  detailed  treatment  of  the 
processes  of  intermediary  metabolism  would  involve  a  somewhat 
technical  knowledge  both  of  organic  chemistry  and  of  physiology 
and  require  more  space  than  is  available  here,  we  shall  outline  only 
those  aspects  an  understanding  of  which  is  requisite  to  the  purpose 
of  this  book,  that  is,  the  adaptation  of  food  to  the  service  of  the 
body. 


Absorption  and  Metabolism  of  Carbohydrates 

The  carbohydrates  of  the  food,  having  been  brought  by  the 
digestive  processes  to  the  form  of  monosaccharides,  are  taken  up 
from  the  lumen  of  the  intestine  by  the  cells  of  the  intestinal  mucosa 
and  passed,  so  to  speak,  into  the  “physiological  interior”  of  the 
body.  Most  of  the  absorbed  carbohydrate  is  transported  from  the 
intestine  to  the  liver  by  way  of  the  portal  vein.  In  the  liver,  much  of 
the  carbohydrate  is  removed  from  the  blood  stream,  glucose, 
fructose,  and  galactose  each  being  converted  into  the  polysaccha¬ 
ride  glycogen  for  storage  in  that  organ. 

The  glycogen  which  has  been  stored  in  the  liver  is  subsequently 
split  to  yield  glucose  and  this  glucose  is  supplied  to  the  blood  to 
replace  the  carbohydrate  which  has  been  removed  from  it  by  other 
tissues  of  the  body.  The  liver  thus  functions  to  maintain  nearly  con¬ 
stant  the  level  of  glucose  in  the  blood  of  the  general  circulation. 
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I  he  concentration  of  carbohydrate  in  the  liver,  on  the  other  hand, 
is  subject  to  enormous  variations,  reaching  as  high  as  10  per  cent 
of  the  weight  of  the  liver  after  an  abundant  meal  and  falling  to 
nearly  nothing  when  no  carbohydrate  food  has  been  taken  for  some 
time. 

The  carbohydrate  stored  in  the  liver  after  a  meal  is  thus  usually 
converted  into  glucose  and  passes  into  the  blood  stream  before  the 
next  meal,  but  still  the  glucose  content  of  the  blood  remains  small 
and  nearly  constant.  1  his  indicates  that  the  glucose  of  the  blood 
must  be  quite  rapidly  used,  and,  from  the  standpoint  of  our  present 
study,  the  immediate  question  is,  What  becomes  of  the  glucose 
which  the  blood  carries  away  from  the  liver?  Investigation  shows 
that  this  glucose  disappears  chiefly  in  the  muscles.  There,  glucose 
is  converted  into  glycogen,  which  may  reach  a  concentration  of 
two  per  cent  of  the  weight  of  the  muscle.  This  glycogen  plays  a 
part  in  the  complicated  chain  of  chemical  reactions  through  which 
energy  is  released  for  muscular  work. 

Other  active  tissues  of  the  body  also  withdraw  glucose  from  the 
circulation,  oxidizing  it  directly  or  indirectly  as  fuel  for  the  various 
kinds  of  work  which  they  perform. 

Carbohydrate  in  excess  of  what  is  immediately  burned  and  of 
what  is  stored  as  glycogen  is  converted  into  fat,  which  is  a  much 
more  concentrated  form  of  fuel  and  which  can  be  stored  in  much 
larger  quantity  than  can  glycogen.  Thus,  under  the  most  favorable 
conditions  of  feeding  and  rest,  the  maximum  amount  of  glycogen 
stored  in  the  entire  adult  body  is  only  about  two-thirds  to  one 
pound,  no  more  carbohydrate  than  is  frequently  taken  in  one  day’s 
food,  and  only  about  enough,  if  it  were  the  sole  source  of  energy, 
to  support  the  body  for  one  day.  Whereas,  it  is  a  matter  of  every¬ 
day  observation  that  the  storage  of  fat  may  reach  many  pounds; 
and  a  well  nourished  individual  carries  in  his  body  enough  fat  to 
serve  him  as  fuel  for  a  month  or  more. 


Digestion  of  Fats 

Before  it  can  be  absorbed  from  the  intestinal  tract,  the  fat  of  the 
food  apparently  must  be  split  into  its  components,  glycerol  and 
fatty  acids.  This  cleavage  takes  place  through  the  action  of  fat- 
splitting  (lipolytic)  enzymes  known  as  lipases,  ffhcre  is  a  lipase  in 
the  gastric  secretion,  but  this  can  effectively  digest  only  fat  which 
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has  been  eaten  in  a  highly  emulsified  (finely  subdivided)  condition. 
The  remainder  of  the  fat,  after  becoming  thoroughly  emulsified 
in  the  small  intestine  by  the  vigorous  agitation  with  bile  and  alka¬ 
line  salts  to  which  it  is  there  subjected,  is  digested  by  the  lipase  in 
the  pancreatic  juice. 


Absorption  and  Metabolism  of  Fats 

The  fatty  acids  and  glycerol  which  are  formed  in  the  digestion 
of  fat  recombine  into  fat  in  the  process  of  being  transferred  through 
the  cells  lining  the  intestinal  tract.  This  fat  passes  mainly  into  the 
lymph  vessels  (rather  than  the  blood  vessels)  and  is  finally  poured 
with  the  lymph  into  the  blood,  without  first  having  been  through 
the  liver.  This  results  in  a  rise  in  the  fat  content  of  the  blood  of 
the  general  circulation  which  may  be  more  marked  than  the  in¬ 
crease  in  glucose  concentration  following  absorption  of  carbohy¬ 
drate.  The  fat  thus  distributed  through  the  body  may  be  burned 
in  the  muscles  and  other  active  tissues  as  a  source  of  energy  for 
muscular  and  other  forms  of  work ;  or,  if  not  needed  at  once  as  fuel, 
it  may  be  deposited  as  body  fat,  a  stored  fuel  ready  to  be  drawn 
upon  when  needed. 

Regarded  as  sources  of  energy,  the  functions  of  fat  and  carbo¬ 
hydrate  are  essentially  the  same,  although  the  utilization  of  carbo¬ 
hydrate  for  the  performance  of  muscular  work  appears  to  be 
slightly  more  efficient  than  that  of  fat.  Furthermore,  as  we  have 
seen,  the  body  can  change  carbohydrate  into  fat  to  an  almost  un¬ 
limited  extent.  To  what  degree  the  body  can  change  fat  back  into 
carbohydrate,  we  do  not  know  with  certainty.  But  since,  within 
wide  limits,  fat  serves  the  same  purposes  as  carbohydrate,  our 
study  of  the  uses  of  the  foodstuffs  in  nutrition  does  not  necessitate 
an  answer  to  this  latter  question. 

The  fact  of  the  essential  interchangeability  of  fat  and  carbohy¬ 
drate  in  the  support  of  body  work  greatly  simplifies  dietary  cal¬ 
culations,  since  in  many  cases  where  we  deal  with  the  energy  values 

°  oods  we  need  not  stoP  to  consider  separately  how  much  of  the 
energy  comes  from  fat  and  how  much  from  carbohydrate.  But 
this  fact  does  not  justify  an  attitude  of  total  indifference  toward 
at  as  a  dietary  constituent,  for,  as  already  mentioned  in  Chapter 

,  lat  has  important  specific  properties. 

J  A  part  of  thc  fa«y  a«ds  obtained  from  the  fat  of  the  diet  or 
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synthesized  from  carbohydrate  is  utilized  in  the  formation  of  con¬ 
stituents  of  many  of  the  active  tissues  of  the  body.  To  this  limited 
extent  at  least,  the  fats  may  be  regarded  as  tissue-building  mate¬ 
rials. 

However,  most  of  the  fat  of  the  well  nourished  body  represents 
reserve  fuel,  and  as  such  is  deposited  in  the  metabolically  inactive 
/adipose  (fat-storing)  tissues.  This  storage  of  fat  may  occur  in  many 
regions  of  the  body,  but  is  particularly  marked  just  below  the  skin, 
where  a  layer  of  fat  of  variable  thickness  may  usually  be  found. 
Stored  fat  is  also  present  between  the  muscles  and  surrounding  the 
internal  organs.  Fat  thus  deposited,  although  of  principal  signifi¬ 
cance  as  a  reserve  source  of  energy,  may  also  serve  the  body  as  a 
mechanical  protection  against  shocks  and  bruises,  as  a  compara¬ 
tively  impervious  blanket  against  the  cold,  and  as  a  packing  and 
support  for  certain  of  the  organs,  notably  the  kidneys. 

Usually  the  nature  of  the  fat  found  in  the  body  is  more  or  less 
characteristic  of  each  species  or  group  of  closely  related  species. 
Herbivora  contain  as  a  rule  harder  fats  than  carnivora,  land  ani¬ 
mals  have  harder  fat  than  marine  animals,  and  all  warm-blooded 
animals  have  fats  of  higher  melting  points  than  those  found  in 
fishes.  The  nature  of  the  body  fat  may  also  be  affected  by  the  diet. 
Under  many  conditions  of  feeding,  the  major  part  of  the  body  fat 
may  be  made  from  carbohydrates.  If,  however,  much  of  the  body 
fat  is  formed  from  fatty  acids  present  in  the  food,  and  if  these  differ 
markedly  either  in  kind  or  in  relative  proportions  from  the  mix¬ 
ture  of  fatty  acids  usually  occurring  in  the  fat  of  that  species  of 
animal,  these  differences  may  be  reflected  to  some  extent  in  the 

kind  of  fat  deposited  in  the  body. 

Nevertheless,  although  the  body  fat  may  thus  differ  somewhat 
in  its  chemical  character,  its  nutritive  value  appears  to  be  essen¬ 
tially  the  same.  In  either  case,  the  fat  thus  stored  may  be  drawn 
upon  for  use  as  fuel  at  any  future  time  when  the  energy  require¬ 
ments  of  the  body  demand  it. 

Digestion  of  Proteins 

The  saliva  does  not  digest  protein ;  and  so  long  as  the  swallowed 
food  remains  in  the  muscularly  inactive  region  of  the  stomach  and 
unmixed  with  the  gastric  juice,  the  protein  is  unchanged.  Little 
by  little  however,  as  explained  earlier,  the  food  becomes  mixec 
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with  the  gastric  juice,  which  contains  hydrochloric  acid  and  the 
proteolytic  enzyme,  pepsin.  Together,  these  attack  the  protein  o 
the  food,  changing  it  into  the  somewhat  simpler,  but  still  very 
complex,  proteoses  and  peptones.  The  proteoses  and  peptones  pass 
into  the  small  intestine  where  they  (and  any  protein  which  may 
have  escaped  the  action  of  pepsin)  are  exposed  to  a  whole  battery 
of  other  proteolytic  enzymes,  of  which  one  group,  formerly  desig¬ 
nated  as  “trypsin”  (but  now  known  to  consist  of  at  least  three  dis¬ 
tinct  enzymes),  is  provided  by  the  pancreas.  Another  group,  orig¬ 
inally  referred  to  in  the  singular  as  “erepsin”  (but  actually  con¬ 
sisting  of  at  least  two  enzymes),  is  secreted  by  the  intestinal 
mucosa.  Acting  cooperatively  in  the  small  intestine,  these  numer¬ 
ous  separate  enzymes  complete  the  cleavage  (hydrolysis)  of  the 
protein,  proteoses,  and  peptones  received  from  the  stomach,  into 
their  ultimate  component  units,  the  amino  acids. 


Absorption  and  Metabolism  of  Amino  Acids 

It  is  now  believed  that  the  hydrolysis  of  proteins  to  amino 
acids  in  the  digestive  tract  is,  in  normal  conditions,  practically 
complete.  The  protein  digestion  products  are  absorbed,  mainly 
from  the  small  intestine,  into  the  blood  stream,  and  distributed  as 
amino  acids  to  the  various  tissues  of  the  body.  The  amino  acids, 
having  been  withdrawn  from  the  blood  stream  by  the  tissues, 
may  be  used  by  them  in  various  ways.  ( 1 )  Part  may  be  reassem¬ 
bled  as  building  stones  to  form  new  protein  in  the  proportions 
and  according  to  the  specific  pattern  characteristic  of  the  tissue  in 
question.  (2)  Some  may  be  assimilated  to  take  the  place  of  frag¬ 
ments  of  body  protein  which  are  being  broken  down  in  the  wear- 
and-tear  processes  which  always  go  on  in  living  cells.  (3)  Certain 
of  them  may  be  utilized  in  the  synthesis  of  substances  (some  pro¬ 
tein  in  nature,  others  of  simpler  composition)  such  as  certain  hor¬ 
mones  and  enzymes,  which  have  essentially  body-regulating  rather 
than  structural  functions.  (4)  The  remaining  are  broken  down 
(“deaminized")  into  a  nitrogenous  fragment,  which  is  eliminated 
from  the  body  chiefly  in  the  form  of  urea,  and  a  non-nitrogenous 
residue,  which  is  either  burned  as  fuel,  or  converted  into  carbohy¬ 
drate  or  fat.  In  serving  as  fuel,  the  protein  is  utilized  interchange¬ 
ably  with  carbohydrate  and  fat,  since  its  energy  may  be  converted 
into  muscular  work,  internal  activity,  or  heat. 
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An  excellent  account  of  the  physiological  fate  of  the  amino  acids 
is  that  given  by  Van  Slyke.  See  Suggested  Readings  below. 

In  the  growing  child,  there  is  extensive  construction  of  new  tissue 
and  an  important  fraction  of  the  food  protein  may  be  required  to 
meet  this  need.  Once  the  individual  has  achieved  his  full  growth, 
however,  there  is  little  or  no  further  accumulation  of  protein  (ex¬ 
cept  in  special  cases  as,  for  example,  in  pregnancy,  or  during  re¬ 
covery  after  a  severe  wasting  disease,  where  actual  construction  or 
reconstruction  of  body  tissues  is  involved,  or  when,  as  the  result  of 
increased  muscular  exercise,  a  real  enlargement  of  the  muscles 
occurs).  It  is  therefore  ambiguous  and  may  be  misleading  to  state 
that  the  amino  acids  resulting  from  digestion  of  food  protein  may 
be  used  for  purposes  of  tissue  repair  or  be  burned  as  fuel;  for  that 
fraction  which  is  used  in  the  upkeep  or  repair  process  is  in  general 
not  added  to  the  body’s  store  but  simply  exchanged  for  an  equal 
amount  of  material  which  is  being  broken  down  and  burned. 


Summary  of  the  Fate  of  Foodstuffs 

Carbohydrate  may  be 

Burned  to  yield  energy:  (a)  for  external  muscular  work; 

( b )  for  internal  activity ;  ( c )  for  heat 
Stored  as  glycogen 
Changed  into  fat 
Fat  may  be 

Burned  to  yield  energy:  (a)  for  external  muscular  work; 

( b )  for  internal  activity;  (c)  for  heat 
Stored  as  fat 

Used  in  formation  of  tissue  lipids 

Possibly  to  some  extent  changed  into  carbohydrate 

Protein  may  be 

Used  in  building  or  repair  (upkeep)  of  protein  tissue 
Used  in  formation  of  certain  hormones,  enzymes,  and  other 
body  regulators 
Deaminized  and 

Burned  to  yield  energy:  (a)  for  external  muscular  work; 

(b)  for  internal  activity;  (c)  for  heat 
Changed  into  carbohydrate 

Changed  into  fat  (possibly  through  carbohydrate). 
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Thus  carbohydrates,  fats,  and  proteins  all  serve  as  fuel  to  yield 
the  energy  of  muscular  and  other  forms  of  work,  or  to  keep  the 
body  warm,  and  any  or  all  of  them  when  present  in  quantities  more 
than  sufficient  to  meet  immediate  needs  may  contribute  to  the  pro¬ 
duction  of  fat  which  is  the  body’s  chief  form  of  stored  fuel  and 
which  is  utilized  in  just  the  same  way  whether  formed  from  the 
carbohydrate,  the  protein,  or  the  fat  of  the  food. 

The  body  has  very  great  power  to  convert  one  foodstuff  into, 
or  use  it  in  place  of,  another;  and  so  to  economize  its  resources  in 
this  respect  that  the  total  energy  value  of  the  food  is  used  to  meet 
the  total  energy  requirement  of  the  body.  This  is  of  much  practical 
importance  in  the  planning  of  high  and  of  low  calorie  diets.  In  the 
next  chapters  we  shall  consider  the  more  quantitative  aspects  of 
the  problem  of  balancing  the  potential  energy  represented  by  the 
different  items  of  the  diet  against  the  bodily  expenditure  of  energy 
in  its  various  forms. 


EXERCISES 

1.  Using  data  tabulated  in  the  Appendix,  compute  the  number  of 
grams  (a)  of  protein,  (b)  of  fat,  (c)  of  carbohydrate,  consumed  on 
each  of  the  days  for  which  you  previously  recorded  your  food  con¬ 
sumption.  Refer,  if  needed,  to  Rose’s  Laboratory  Handbook  for 
Dietetics,  revised  by  Taylor  and  MacLeod  ( 1949) . 

2.  What  significance  do  you  attribute  to  the  daily  variations? 

3.  If  your  record  contains  any  food  too  rare  or  of  too  artificial  a 
nature  to  be  included  in  the  appended  reference  tables,  either  make 
adequate  inquiry  as  to  its  nature  and  composition*  so  as  to  be  able  to 
complete  your  calculation,  or  amend  your  proposed  “dietary”  by  the 
substitution  of  some  food  whose  composition  is  better  known. 
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ENERGY  ASPECTS 
OF  NUTRITION 


Introductory  Explanations 


Every  act  and  moment  of  life  involves,  in  terms  of  formal  physics, 
a  transformation,  or,  in  everyday  terms,  an  expenditure,  of  energy. 

We  are  fully  aware  of  spending  energy  when  we  do  active  mus¬ 
cular  work.  When  we  rest,  energy  expenditure  diminishes  but  does 
not  stop.  For,  when  you  have  relaxed  as  completely  as  you  can, 
your  body  still  has  internal  work  to  do.  The  muscular  work  of  the 
heart  and  the  work  of  the  muscles  of  respiration  involve  significant 
amounts  of  energy  within  every  minute;  and  the  resting  muscles 
still  possess  some  degree  of  tension  (tone  or  tonus) ,  the  maintenance 
of  which  requires  a  considerable  energy  transformation  or  expendi¬ 
ture.  The  internal  work  of  the  body  must  go  on  so  long  as  life  con¬ 
tinues.  It  is  difficult  to  measure  any  one  of  the  forms  of  internal 
work  separately  from  the  others;  but  it  has  been  estimated  that  the 
heart  alone  (even  when  the  person  is  lying  perfectly  quiet)  does  an 
amount  of  work  each  hour  equivalent  to  the  lifting  of  the  entire 
body  about  100  feet  into  the  air;  and  the  work  of  breathing  usu¬ 
ally  involves  a  considerably  larger  expenditure  of  energy;' while 

the  amount  of  energy  expended  in  maintaining  the  tension  or 
tonus  of  the  muscles  is  larger  still. 

The  energy  which  the  body  “spends”  appears  so  largely  in  the 
orm  of  heat,  that  the  science  of  nutrition  finds  it  convenient  to  ex¬ 
press  energy  measurements  in  terms  of  the  heat  unit,  the  Calorie 

greater' tha^the  ^  ^  a  ‘^usand  ttei 

Calorie  1 Sc  wh 7"^ 

calorie  with  a  small  initial  letter.  T^e  energy  ~ 
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bodies  are  always  of  such  magnitude  as  to  make  the  larger  unit  the 
more  convenient,  and  it  is  practically  always  used  in  speaking  or 
writing  of  the  energy  aspect  of  nutrition.  As  a  technical  term  be¬ 
longing  primarily  to  physics,  it  should  be  written  as  the  physicists 
write  it,  Calorie.  But  some  writers  and  editors,  growing  weary  of 
frequent  use  of  the  capital,  have  decided  that  in  nutrition  books 
there  is  no  real  danger  of  confusion  if  the  existence  of  the  lesser 
unit  be  simply  ignored  and  the  initial  capital  dispensed  with  in  re¬ 
ferring  to  the  greater  calorie  inasmuch  as  this  is  the  only  one  which 
need  be  used  in  nutritional  discussions. 

Hence  in  writings  on  nutrition  the  unqualified  word,  “calorie," 
will  presumably  mean  the  same  as  Calorie,  i.e.,  the  greater  calorie 
(or  kilogram-calorie  or  kilo-calorie)  which  is  the  amount  of  heat 
which  raises  the  temperature  of  one  kilogram  of  water  through  one 
degree  centigrade. 

In  this  book  the  Calorie  is  given  an  initial  capital  in  those  cases 
(only)  in  which  an  explicitly  quantitative  statement  is  being  made. 

As  a  help  in  relating  the  scientific  unit  to  our  everyday  measures, 
it  may  be  noted  that  this  is  almost  the  same  as  the  amount  of  heat 
which  raises  the  temperature  of  one  pound  of  water  through  four 
degrees  Fahrenheit — or  of  four  pounds  of  water  through  one  de¬ 
gree  Fahrenheit. 

And  it  may  also  be  helpful  to  remember  that  100  Calories  is 
about  the  amount  of  energy  spent  by  a  normal  adult  sitting  (not 
too  completely  relaxed!)  in  a  lecture-room  or  study  chair  for  one 


hour. 

While  the  unit  of  energy  used  in  discussions  of  food  values  and 
nutritional  needs  has  a  direct  and  well-established  physical  defini¬ 
tion,  the  word  energy  does  not  always  stand  simply  for  the  me¬ 
chanical  concept  to  which  the  physical  definition  applies. 

It  is  a  current  statement  that:  “Energy  is  the  ability  to  do  work. 

But  as  applied  to  our  body  and  its  nutritional  needs,  this  short 
definition  may  have  a  double  meaning,  which,  while  it  should  not 
seriously  mislead  a  student  well-grounded  in  even  elementary  phy¬ 
sics,  is  in  fact  confusing  to  many  people.  For  our  bodily  ability 
to  do  work”  implies,  in  the  literal  everyday  meaning  of  the  words, 
both  a  supply  of  available  fuel  and  a  properly  bu.lt  and  condi¬ 
tioned  “mechanism”  for  the  transformation  of  the  potential  fue 
value  into  the  effective  activities  of  muscles  and  other  bodily  organs. 
It  is  to  the  first  of  these  that  we  refer  when  we  speak  of  the  energ) 
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aspect  of  nutrition  and  the  energy  values  of  foods;  but  it  is  to  the 
second  that  we  are  usually  referring  when  we  say  that  we  feel 
full  of  energy”  or  that  we  “lack  energy.”  Thus  the  energy  value  of 
foods  as  expressed  in  Calories  is  energy  in  the  purely  fuel  or  merely 
mechanical  sense;  while  our  fitness  is,  or  is  directly  related  to,  our 
state  of  being  energetic  in  the  colloquial  or  psychological  sense. 

Mental  work  may  cause  fatigue  without  any  corresponding 
energy  expenditure. 

The  difference  finds  frequent  illustration  in  the  daily  lives  of 
students  and  teachers.  Usually  at  the  end  of  a  lecture-hour  both 
the  students  and  the  teacher  will  be  tired,  fatigued,  “lacking  in 
energy,”  more  or  less  depleted  of  their  “ability  to  do  work” — though 
probably  no  one  “spends”  (transforms)  more  than  100-150  Cal¬ 
ories  of  energy  in  an  hour  in  a  classroom.  If,  then,  after  the  lecture 
one  goes  for  a  walk  one  will  probably  spend  twice  as  much  energy 
(in  the  mechanical  or  calorie  sense)  in  an  hour,  yet  return  feeling 
rested  and  energetic.  A  feeling  of  fatigue  may  be  directly  related 
to  one’s  bodily  condition  without  being  proportional  to  expendi¬ 
ture  of  energy  in  the  physical  or  mechanical  or  calorie  sense.  As 
one  usually  speaks,  “lack  of  energy”  will  generally  be  due  to  some 
suboptimal  condition  of  one’s  bodily  chemistry  or  internal  environ¬ 
ment;  but  not  necessarily  as  the  result  of  too  much  muscular  work 
and  energy  metabolism — perhaps  as  a  result  of  too  little! 

In  this  connection  we  might  mention  the  hypothesis  that  each 
normal  member  of  any  given  species  has  as  a  natural  birthright 
the  ability  to  spend  about  a  certain  total  amount  of  energy  in  the 
course  of  a  natural  life  time,  so  that  the  more  energy  one  spends 
per  year  the  fewer  years  he  should  expect  to  live.  In  an  empirical 
form  this  hypothesis  is  a  tradition  of  army  teamsters  who  say, 
“There  is  so  much  work  in  a  mule;  you  take  it  out  of  him  faster 
or  more  slowly  according  to  how  hard  you  work  him.”  Rubner  an 
influential  expert  in  nutrition,  held  much  the  same  idea  as  a  formal 
scientific  hypothesis.  But  to  speak  of  how  “hard”  one  works  involves 
much  the  same  ambiguity  as  to  speak  of  energy  as  ability  to  do 
work.  No  doubt  some  human  lives  are  shortened  by  excessive  mus¬ 
cular  work;  but  one  may  also  shorten  his  life  by  working  so  “hard” 
at  a  sedentary  occupation  that  he  gets  too  little  muscular  exercise 
In  so  far  as  one  s  work  influences  the  length  of  one’s  life,  it  is  prob- 
aWy  not  so  much  through  rate  of  energy  expenditure  per  se  as 
through  the  effect  upon  the  body’s  internal  environment  which  mav 
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be  unfavorably  influenced  either  by  overtaxing  the  muscles  or  by 
leaving  them  stagnant  too  much  of  the  time. 

Internal  environment  as  a  factor  in  nutritional  well-being  can  be 
more  clearly  apprehended  after  we  have  studied  the  mineral  ele¬ 
ments  and  the  vitamins  as  factors  in  nutrition.  But  meanwhile  some 
ambiguities  may  be  avoided  if  what  has  been  suggested  is  kept  in 
mind  throughout  the  study  of  the  energy  aspects  of  nutrition  and 
food  values. 

The  Council  on  Foods  of  the  American  Medical  Association  in¬ 
cludes  among  its  general  rules  regarding  advertising  that  the  ad¬ 
vertiser  should  correctly  inform  the  public  as  to  energy  values  of 
foods  in  such  carefully  chosen  terms  as  clearly  to  distinguish  be¬ 
tween  “the  caloric  and  the  popular”  senses  of  the  word  energy, 
which  distinction,  the  Council  declares,  “must  be  recognized  and 
observed.”* 

The  Council  also  admonishes  the  advertisers  of  food  products  to 
“take  cognizance  of  the  fact  that  limitation  of  the  energy  intake  is 
essential  for  reduction  of  body  weight.  There  are  no  foods  that 
burn  up  body  fat.” 

The  use  of  the  Calorie  as  a  convenient  energy  unit  does  not  im¬ 
ply  that  the  body  is  a  heat  engine,  though  this  faulty  analogy  has 
been  used  in  the  past. 

At  the  end  of  the  nineteenth  century,  some  teachers  thought  that 
a  reasonably  satisfactory  approach  to  the  essentials  of  nutrition  as 
then  known  could  be  made  in  terms  of  protein  and  calories,  and  by 
way  of  the  steam  engine  as  an  analogy.  The  protein  of  the  food  was 
pictured  as  the  building  material  of  the  “mechanism”;  and  the 
energy  value  of  the  food,  as  corresponding  with  the  calorific  value 
of  the  fuel  burned  in  the  engine. 

But  the  body  is  so  emphatically  not  a  heat  engine  that  to  liken 
it  to  a  steam  engine  is  now  realized  to  be  misleadingly  inadequate. 
Less  inadequate,  as  well  as  more  modern,  is  the  analogy  of  the 
gasoline  engine  of  an  automobile  or  a  motorboat;  for  in  such  a 
motor,  as  in  the  body,  the  heat  is  a  by-product  or  end-pioduct  and 
not  (as  in  the  steam  engine)  the  means  through  which  the  potential 
or  chemical  energy  of  the  fuel  is  transformed  into  useful  work. 

If,  then,  one  desires  to  compare  the  body  with  an  automobile  en- 


*  Council  on  Foods  1939  Accepted  Foods  and  Their  Nutritional  Signifi¬ 
cance,  p.  23.  (American  Medical  Association,  535  North  Dearborn  Street, 


Chicago.) 
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gine  the  protein  and  some  of  the  mineral  elements  correspond  to 
the  structural  material  of  the  motor;  other  mineral  matters,  in¬ 
cluding  water,  correspond  to  the  lubricants;  such  organic  foods 
as  the  carbohydrates  and  fats  and  the  non-nitrogen  derivatives  of 
the  proteins  are  the  fuel;  and  the  vitamins  correspond  to  the  igni¬ 
tion  sparks,  whose  own  energy  value  is  insignificant,  but  without 
which  this  kind  of  engine  cannot  run,  however  abundant  its  fuel 
and  however  appropriate  its  structural  materials  and  its  lubricants. 

Throughout  the  present  discussion  of  the  energy  aspect  of  nutri¬ 
tion,  we  shall  be  assuming  (unless  otherwise  specifically  stated) 
that  the  other  nutritional  requirements  are  being  sufficiently  sup¬ 
plied  to  meet  normal  needs,  and  that  we  are  dealing  with  phys¬ 
iological  rather  than  pathological  conditions. 

When  one  speaks  of  the  amount  of  food  required,  it  is  usually 
the  body’s  energy  requirement,  the  number  of  Calories  needed  per 
day,  which  first  comes  to  the  mind  of  the  systematic  student  of 
nutrition;  for  to  any  extent  that  the  intake  of  fuel  is  inadequate, 
the  body  must  burn  some  of  its  own  substance  as  fuel  to  meet  its 
energy  needs.  Hence,  generally  speaking,  the  economy  of  other  nu¬ 
tritional  assets  is  fundamentally  conditioned  by  the  meeting  of  the 
body’s  energy  requirement. 

For  the  purpose  of  the  present  brief  study  of  the  body’s  energy 
needs,  we  may  start  with  an  average-sized  healthy  man  at  rest. 
Such  a  man,  sitting  comfortably  in  a  chair,  will  as  already  men¬ 
tioned  spend  about  100  Calories  of  energy  per  hour. 


Methods  of  Measuring  Energy  Metabolism 


Atwater-Rosa-Benedict  respiration  calorimeter  and  its  succes¬ 
sors. — At  the  turn  of  the  century,  the  outstanding  news  in  nutri¬ 
tion  was  that  about  “the  man  in  the  copper  box,”  i.e.,  the  experi¬ 
ments  with  human  subjects  in  the  respiration  calorimeter  which 
had  been  developed  and  brought  into  successful  use  by  Atwater, 
Rosa,  and  Benedict.  (Figs.  9  and  10  are  photographs  of  the  ex¬ 
terior  and  interior  of  the  original  Atwater-Rosa-Benedict  respira¬ 
tion  calorimeter;  while  in  Fig.  11  is  shown  a  considerably  later 
modification  of  this  apparatus  in  use  at  present  in  the  Russell  Sage 
Institute  of  Pathology.) 


The  respiration  calorimeter,  as  the  name  implies,  is  both  a  res¬ 
piration  apparatus  for  thg.  chemical  determination  of  the  oxygen 
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consumed  and  the  carbon  dioxide  and  water  produced  in  the 
respiratory  exchange,  and  a  calorimeter  for  the  direct  measure¬ 
ment  of  the  heat  given  off  by  the  body. 

The  measurements  were  brought  to  a  very  high  order  of  preci¬ 
sion;  and  upon  averaging  the  results  of  a  large  number  of  such 
experiments  it  was  found  that  the  energy  metabolism  computed 
from  the  data  of  the  respiratory  exchange  and  that  measured 


Fig.  9.  Outside  view  of  the  original  Atwater-Rosa-Benedict  respiration 
calorimeter. 


directly  as  heat  (or  as  heat  plus  external  muscular  work)  agreed 
within  a  small  fraction  of  one  per  cent.  This  finding  resulted  in 
general  acceptance  of  the  view  that  energy  metabolism  may  be 
measured  either  by  direct  calorimetry  (the  man  living  in  a  calori¬ 
meter)  or  by  the  “indirect  calorimetry”  of  computation  from  the 
chemically  determined  data  of  the  respiratory  exchange. 

As  a  further  development  justified  by  this  finding,  there  hare 
also  been  devised  several  forms  of  simplified  respiration  apparatus 
(Figs  12-14)  which  while  measuring  the  energy  metabo  ism  ( 
so  without  the  need  of  such  elaborate  procedures.  Thus  it  has  now 
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become  practicable  to  measure  the  rate  of  energy  metabolism  of 
students  in  the  classroom,  patients  in  the  clinic,  and  representatives 
of  different  races  as  encountered  by  field  anthropologists  in  various 
parts  of  the  world.  These  recently  developed  outfits,  so  much  more 


SbrimLlDSide  Vi'W  °'  ""  °rigina'  A<'-<«-R<*a-Be„edic,  respirati 


portable  and  less  expensive  than  those  previously  available,  are  also 

If *°  th,e  measur7ent  of  th«  energy  metabolism  of  people 
of  widely  yaned  ages  and  occupations.  Hence  the  somewhat  wide- 
ranging  discussions  of  this  and  the  following  chapter  can  be  based 
a  most  entirely  upon  quantitative  measurements  ofPactuaTcases  and 
usually  of  many  cases  of  a  kind.  ’ 
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Basal  Energy  Metabolism 

The  basal  energy  metabolism  (or  basal  metabolic  rate)  is  a  term 
often  applied  to  the  rate  of  expenditure  of  energy  by  a  person 
awake,  lying  still,  and  who  has  taken  little  if  any  food  during  the 
past  twelve  or  fourteen  hours  so  that  little  digestion  or  absorption 
of  food  material  is  taking  place  at  the  time  of  observation  (i.e.,  in 


Fig.  11.  The  respiration  calorimeter  now  in  use  at  the  Russell  Sage  Institute 
of  Pathology.  (Courtesy  of  Dr.  E.  F.  DuBois.) 


the  “post-absorptive”  state).  This  is  often  measured  as  a  step  in 
diagnosis  in  modern  medicine. 

In  healthy  grown  people  this  basal  energy  metabolism  averages 
just  about  one  Calorie  per  kilogram  of  body  weight  per  hour.  This 
is  supposedly  the  minimal  rate  of  expenditure  of  the  norma  man  or 
woman  when  awake.  During  sleep  the  energy  output  is ;  ess  bu 
when  sitting  erect  it  is  more,  while  standing  involves  a  still  in  her 
expenditure  of  energy.  A  normal  man,  therefore,  however 
he  may  be,  is  almost  sure  to  expend  m  the  couise  o 


Fig.  12.  Apparatus  for  the  study  of  energy  metabolism  in  walking.  In  this  and 
in  the  types  of  apparatus  shown  in  Figs.  13  and  14,  the  heat  production  is  not 
measured  directly,  but  the  energy  metabolism  is  computed  from  observations 
on  the  respiration,  usually  of  the  amount  of  oxygen  consumed.  The  external 
muscular  work  which  the  subject  here  performs  in  walking  is  measured 
mechanically.  (Courtesy  of  Dr.  F.  G.  Benedict.) 
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day  somewhat  more  than  24  times  his  basal  hourly  number  of 
calories. 

Moreover  in  any  case  the  basal  rate  could  be  maintained 
throughout  the  day  only  by  fasting.  Eating  is  always  followed  by 
an  inciease  in  the  rate  of  heat  production,  the  extent  of  the  in- 


Fig.  13.  A  simple  form  of  portable  respiration  apparatus.  (Courtesy  of  the 
Sanborn  Company.) 


crease  depending  upon  both  the  character  and  the  amount  of  food 
eaten,  as  explained  below. 

For  a  very  full  and  expert  account  of  the  measurement  and  inter¬ 
pretation  of  the  basal  metabolism  with  special  attention  to  its 
medical  aspects,  the  reader  is  referred  to  DuBois’  Basal  Metabolism 
in  Health  and  Disease;  and  for  a  concise  but  liberally  illustrated 
account,  to  Rose’s  Foundations  of  Nutrition.  With  such  authorita- 
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tive  and  up-to-date  discussions  so  conveniently  available,  we  here 
need  merely  mention  any  of  the  factors  affecting  the  basal  metabo¬ 
lism  which  are  not  themselves  essentially  nutritional.  We  do  not 
here  enter  at  all  upon  the  discussion  of  pathological  conditions; 
and  the  somewhat  vexed  question  as  to  whether  there  is  a  iacial 
factor”  need  be  mentioned  only  so  far  as  to  point  out  that  if  a  truly 
racial  factor  exists  it  must  be  a  vanishingly  small  one,  when  its 
very  existence  is  still  a  subject  of  debate  after  such  long  and  wide¬ 
spread  investigation. 

Benedict  has  concluded  that  the  basal  metabolism  of  an  indi¬ 
vidual  may  be  considered  as  quantitatively  determined  by:  (1) 
the  total  mass  of  active  protoplasmic  tissue;  and  (2)  the  total 
stimulus  to  cellular  activity  existing  at  the  time  the  measurement 
of  the  metabolism  was  made.  Age,  under  such  a  generalization, 
becomes  one  of  the  factors  causing  variations  in  the  stimulus  to 
cellular  activity. 

The  difference  between  boys  and  girls,  in  their  basal  energy 
metabolism  per  unit  of  weight  or  surface,  is  small  in  the  early  years 
but  considerable  in  their  teens;  after  which  the  difference  dimin¬ 
ishes  to  something  like  six  per  cent  as  between  women  and  men, 
the  latter  having  the  higher  rate. 


Body  Weight,  Surface  Area,  and  Energy  Metabolism 

Although  loss  of  heat  from  the  surface  of  the  body  is  usually 
rather  an  end-result  than  a  cause  of  energy  metabolism,  yet  meas¬ 
urement  seemed  several  years  ago  to  have  established  empirically 
that  energy  metabolism  is  quantitatively  more  nearly  proportional 
to  body  surface  than  to  body  weight.  Much  use  has  been  made  of 
the  surface  area  relationship  ’  and  some  authorities  treat  it  as 
more  systematic  to  express  measurements  of  energy  metabolism  in 
terms  of  Calories  per  square  meter  of  body  surface,  than  per  kilo¬ 
gram  of  body  weight. 

Inasmuch  as  arhong  normal  grown  people  the  ratios  between 
their  weights  and  the  ratios  between  their  surfaces  are  not  very 
different,  and  since  any  comparison  of  children  with  adults  re¬ 
quires  consideration  of  the  age  factor  anyway,  we  have  arranged 
the  present  text  so  that  data  presented  either  in  terms  of  surface  or 

theT  hht  ma>  bC  USCd  Wlth°Ut  the  necessitY  of  converting  one  into 
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^  hat  Determines  the  Rate  of  Energy  Metabolism  in  a 
Given  Normal  Individual  at  Rest? 

While  there  is  a  never-ceasing  exchange  or  transformation  or 
metabolism  of  energy  in  every  living  body,  the  rate  of  this  energy 
metabolism  is  not  constant.  It  differs  between  individuals,  and  in 
the  same  individual  from  time  to  time. 

There  is,  as  yet,  no  neat,  simple,  comprehensive  answer  to  the 
question,  what  determines  the  rate  of  energy  metabolism;  but 
several  factors  have  been  studied  quantitatively,  so  that  we  have 


Fig.  14.  The  Benedict  helmet  form  of  respiration  apparatus.  (Courtesy  of  Drs. 
F.  G.  Benedict  and  T.  M.  Carpenter.) 
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well-established  information  as  to  which  are  of  major,  and  which 


of  relatively  minor,  influence. 

Thus  to  speak  of  two  everyday,  voluntary  factors  we  may  say 
that  for  all  ordinary  conditions  the  amount  of  exercise  that  one 
takes  has  more  influence  in  determining  the  rate  of  energy  metabol¬ 
ism  than  does  the  amount  of  food  one  takes.  A  healthy  peison 
living  with  a  minimum  of  muscular  activity  and  eating  enough 
food  for  maintenance  may  be  metabolizing,  say,  1600  to  2000 
Calories  per  24  hours.  This  rate  of  energy  metabolism  per  day  can 
easily  be  increased  one  hundred  per  cent  by  exercise,  while  to 
double  the  food  intake  will  not  increase  the  24-hour  energy  metab¬ 
olism  by  more  than  about  ten  or  fifteen  per  cent. 

But  while  the  food  intake  is  not  a  major  influence  in  determining 
the  rate  of  energy  exchange  in  the  body,  still  it  has  a  measurable 
effect;  and  it  is  not  the  same  for  the  different  groups  of  foodstuffs, 
nor  proportional  to  their  fuel  values.  In  other  words  food  intake 
does  act  appreciably  to  increase  the  rate  of  energy  metabolism,  and 
this  “dynamic”  action  is  “specifically”  greater  for  some  of  the  or¬ 
ganic  foodstuffs  than  for  others. 

Specific  dynamic  action  of  the  foodstuffs. — In  the  quantitative 
study  of  this  relationship,  by  Rubner  and  by  Lusk  independently, 
it  was  found  that  when  enough  food-calories  for  maintenance  were 
fed,  in  the  form  of  a  single  foodstuff  at  a  time,  the  24-hour  metabol¬ 
ism  was  increased  over  that  of  fasting:  6  to  7  per  cent  by  carbo¬ 
hydrate;  4  to  14  per  cent  by  fat;  30  to  40  per  cent  by  protein. 
Another  way  of  expressing  these  same  experimental  observations  is 


to  say  that  less  than  one-tenth  of  the  energy  value  of  the  carbo- 
hydiate  of  the  food,  probably  about  one-tenth  of  the  energy  value 
of  the  fat,  and  about  one-third  of  the  energy  value  of  the  protein 
spends  itself  in  its  specific  dynamic  effect  of  increasing  the  rate  of 
energy  metabolism  of  the  body  as  a  whole  and  for  the  24-hour  day 
as  a  whole.  In  some  experiments  fat  has  shown  a  higher  and  in 
others  a  lower  effect  than  carbohydrate,  and  the  number  of  quanti¬ 
tative  comparisons  has  not  been  large  enough  to  justify  statistical 
interpretation.  What  is  really  “specific”  is  the  higher  “dynamic 
effect  or  output  of  “waste  heat”  which  results  from  protein  as 
compared  with  either  fat  or  carbohydrate.  A  large  amount  of  in¬ 
vestigation  and  discussion  has  been  devoted  to  this  specific  dynamic 
action  of  proteins  and  of  their  individual  amino  acids  without  any 
very  clear-cut  or  scientifically  significant  outcome  as  yet.  The  prac- 
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tical  significance  thus  far  apparent  is  that  protein  is  relatively  less 
efficient  and  more  heating  as  fuel  for  either  the  internal  or  external 
activ Hies  of  the  body  than  is  carbohydrate  or  fat.  This  greater  pro¬ 
duction  of  heat  in  proportion  as  protein  is  more  largely  used  as 
fuel  may  be  a  source  of  comfort  when  one  is  exposed  to  severe  cold, 
or  of  discomfort  in  hot  weather;  but  usually  it  is  not  of  great  im¬ 
portance,  because  protein  constitutes  only  about  a  tenth  of  the 
food-fuel  of  a  normally-balanced  diet.  The  exceptionally  accurate 
measurements  of  Atwater  and  Benedict  showed  only  9  per  cent 
of  the  total  food  calories  expended  in  the  “dynamic  action”  of  the 
body’s  direct  response  to  the  intake  of  a  mixed  diet. 

The  influence  of  the  habitual  level  of  food  intake. — Aside  from 
the  immediate  specific  dynamic  effects  of  the  foodstuffs,  to  what 
extent  does  the  habitual  general  level  of  intake  of  food  calories  in¬ 
fluence  the  habitual  rate  of  energy  metabolism? 

Benedict  and  his  coworkers,  studying  a  group  of  12  healthy 
young  men  who  voluntarily  accepted  much-reduced  rations  during 
the  First  World  War,  found  that  when  such  undernutrition  had 
reduced  the  body  weight  by  12  per  cent  it  had  reduced  the  rate  of 
energy  metabolism  of  the  body  at  rest  by  18  per  cent.  Whether 
this  was  an  advantageous  economy  is  doubtful.  The  men  remained 
healthy  and  able  to  do  their  accustomed  work,  but  there  appeared 
to  be  some  lowering  of  spontaneous  vitality. 

There  are  also  well  authenticated  cases  of  underweight  with 
relatively  high  energy  metabolism  which  are  interpretable  in  terms 
of  simple  absence  of  adipose  tissue  and  consequent  higher  percent¬ 
age  of  metabolically  active  lean  tissue  in  the  body,  as  in  the  lean 
school  children  found  by  Blunt  to  have  rates  of  energy  metabolism 
per  kilogram  of  body  weight  from  16  to  24  per  cent  higher  than 
children  of  average  fatness.  That  in  this  case  the  measured  differ¬ 
ence  in  metabolic  rate  seems  somewhat  larger  than  the  probable 
difference  in  body  composition  would  account  for,  is  easily  ex¬ 
plainable  by  the  probability  of  higher  muscular  tone  and  perhaps 
greater  thyroid  activity  in  the  thinner  children.  We  shall  return 
to  the  discussion  of  the  thyroid  in  the  chapter  on  iodine. 

Talbot,  also,  has  shown  that  undernutrition  may  result  in  either 
an  increase  or  a  decrease  of  the  basal  metabolic  rate,  according  to 

circumstances.* 

*  Talbot,  F.  B.  1938  Basal  metabolism  of  undernourished  girls.  Am.  J.  Diseases 
of  Children  56,  61-66. 
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Regulation  of  Body  Temperature 

As  warm-blooded  animals  we  have  evolved  life  processes  which 
depend  upon  the  maintenance  of  a  fairly  constant  body  tempera¬ 
ture,  and  this  is  above  that  of  our  ordinary  surroundings.  To  what 
extent,  then,  is  the  energy  aspect  of  our  metabolism  a  direct  ex¬ 
penditure  for  the  mere  purpose  of  keeping  the  body  warm?  Cer¬ 
tainly  much  less  than  is  often  supposed. 

When  we  are  comfortably  clothed  and  housed,  our  body  tem¬ 
perature  is  maintained,  chiefly  or  wholly,  by  the  heat  which  is  pro¬ 
duced  as  a  by-product  of  the  work  which  the  life  processes  in¬ 
volve  anyway.  And  the  heat-regulating  center  in  the  brain,  acting 
through  the  nervous  and  circulatory  systems,  is  able  to  conserve 
this  resource  by  constricting  the  arterioles  in  the  skin  and  thus 
diminishing  the  heat-loss  from  the  surface.  This  is  called  physical 
regulation,  while  an  increase  of  oxidation  (burning  of  fuel  food¬ 
stuffs)  for  the  direct  purpose  of  producing  heat  as  such  to  keep  up 
body  temperature  is  called  its  chemical  regulation. 

For  most  of  us  in  ordinary  daily  life,  our  physical  regulation 
suffices.  Only  at  about  the  point  at  which  we  feel  uncomfortably 
chilly,  or  at  which  shivering  begins,  is  the  chemical  regulation 
(burning  merely  for  heat)  called  into  play.  In  fact  it  appears  sig¬ 
nificant  of  the  body’s  habitual  dependence  upon  physical  regula¬ 
tion  that  when  increased  oxidation  is  needed  to  maintain  tempera¬ 
ture  the  mechanism  of  muscle  activity  is  still  employed,  namely, 
shivering  as  an  involuntary  form  of  muscular  work  whose  function 
is  merely  to  increase  heat  production. 

The  fact  that  physical  regulation  very  nearly  suffices  for  most 
of  us  during  most  of  the  time  does  not  mean  that  the  burning  of 
foodstuffs  for  heat  remains  at  complete  zero,  for  anyone.  And  such 
use  of  food  energy  value  for  body  heat  may  be  a  larger  factor  in 
children  whose  muscles  are  not  yet  fully  developed,  and  in  the  aged 
whose  muscle-tone  is  declining,  than  in  robust  young  adults.  Ex¬ 
treme  thinness  also  may  so  increase  the  loss  of  heat  from  the  body 
surface  as  to  increase  the  calorie  requirement. 

Here  as  elsewhere  the  study  of  nutrition  calls  for  a  judicially 
balanced  habit  of  thought.  Need  of  heat  as  such  for  the  main¬ 
tenance  of  body  temperature  may  at  some  times  and  for  some 
people  be  a  real  factor  in  the  energy  requirement;  but  the  body  is 
not  a  heat  engine,  it  usually  gets  enough  heat  in  the  course  of 


62 


ESSENTIALS  OF  NUTRITION 


doing  its  work,  and  one  should  not  be  misled  by  the  fact  that  for 
convenience  we  count  energy  values  in  terms  of  calories. 


Energy  Values  of  Foods  in  Relation  to  the  Metabolism 
of  Energy  in  the  Body 

We  saw  in  the  last  chaper  that  carbohydrates,  fats,  and  the  non- 
nitrogenous  cleavage  products  of  proteins  all  serve  as  fuel  in  the 
body.  We  know  also  that,  throughout  a  very  wide  range  (though 
not  quite  to  an  unlimited  extent),  the  body  can  use  these  different 
fuel  foodstuffs  interchangeably  in  meeting  its  energy  needs.  And 
we  have  seen  also  how,  though  the  body  is  not  a  heat  engine,  yet 
the  Calorie  serves  as  a  convenient  unit  for  expression  and  com¬ 
parison  of  food  energy  values  and  the  body’s  energy  requirements. 

The  energy  values  of  many  pure  foodstuffs  have  been  deter¬ 
mined  by  burning  weighed  specimens  in  compressed  oxygen  in 
calorimeters  so  arranged  as  to  permit  the  energy  liberated  to  be 
very  accurately  measured  as  heat  (see  Fig.  15).  Thus  one  gram 
of  pure  dry  starch  yields  4.22  Calories,  one  gram  of  pure  cane 
sugar,  3.96  Calories. 

Averaging  the  results  for  each  group  of  foodstuffs,  correcting  in 
all  cases  for  average  losses  in  digestion,  and  in  the  case  of  protein 
correcting  further  for  the  fact  that  oxidation  in  the  body  is  less 
complete  than  in  the  oxygen-charged  bomb,  we  obtain  the  follow¬ 
ing  physiological  fuel  values: 

Carbohydrate  4.0  Calories  per  gram  or  1814  Calories  per  lb. 

Fat . 9.0  “  “  “  4082  “  “ 

Protein . 4.0  “  “  “  1814 

It  is  worthwhile  to  remember  that  the  values  4.0,  9.0,  and  4.0 
were  not  obtained  by  “rounding  off”  the  German  estimates  of  4.1, 
9.3,  and  4.1.  The  German  experiments  were  with  dogs  fed  upon 
diets  which  yielded  less  than  average  amounts  of  intestinal  residue. 
The  Atwater  and  Bryant  averages  of  4.0,  9.0,  and  4.0,  based  upon 
larger  numbers  of  experiments,  made  with  men,  and  in  which  the 
diets  were  much  more  representative  of  normal  human  food  sup¬ 
plies,  are  therefore  the  more  accurate  of  the  two  sets  of  factors. 
Repeated  reinvestigation  and  critical  scrutiny  has  brought  no  sig¬ 
nificant  modification  of  these  as  the  most  accurate  average  factors 
for  use  in  the  calculations  of  human  food  values  and  nutritional 
needs.  (That  the  most  accurate  are  also  the  most  convenient  is  only 
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an  incidental  advantage,  not  the  reason  for  their  adoption  and 
continued  use.) 

With  some  foods  of  less  than  average  digestibility,  a  downward 
revision  of  the  Atwater  factors  may  improve  the  accuracy  of  the 


Fig.  15.  The  Atwater  bomb  calo¬ 
rimeter  for  determining  the  energy 
values  (heats  of  combustion)  of 
foods.  It  consists  essentially  of  a 
heavy  steel  bomb,  A,  with  a 
platinum  or  gold-plated  copper 
lining  and  a  cover  held  tightly  in 
place  by  means  of  a  strong  screw 
collar.  A  weighed  amount  of 
sample  is  placed  in  a  small 
platinum  cup,  B,  the  bomb  is  then 
charged  with  oxygen  to  a  pressure 
of  at  least  20  atmospheres,  closed, 
and  immersed  in  a  weighed 
amount  of  water,  C.  The  water  is 
constantly  stirred  and  its  tempera¬ 
ture  determined  at  intervals  by 
means  of  an  extremely  accurate 
and  sensitive  thermometer,  D.  The 
sample  is  ignited  by  means  of  an 
electric  fuse,  E,  and,  on  account  of 
the  large  amount  of  oxygen  pres¬ 
ent,  undergoes  rapid  and  complete 
combustion.  The  heat  liberated  is 
communicated  to  the  water  in 
which  the  bomb  is  immersed,  and 
the  resulting  rise  in  temperature 
is  accurately  determined.  After  ap¬ 
propriate  corrections  have  been 
made  for  loss  of  heat  by  radiation, 
heat  arising  from  accessory  oxida¬ 
tions  (the  oxidation  of  the  iron  _ _ _ .... 

tbTnm^k  fa^oniDuted'f"  "“n.’ber  °f.CaIories  arising  from  the  combustion  of 
.he  bomb  and  the  hea,  capad,y  o'fTe  ”,  “ZT™  °'  ^  SU"OU"din* 

the^fof  ^uggestecTrc^ingsttelow1^  Merri"  “d  Wa“  (‘948)  in 

insignificant  errors  are  ordinarily  involved  in  this  simplifying  as- 
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sumption.  Using  the  accepted  fuel  values  for  protein,  fat,  and  car¬ 
bohydrate,  respectively,  one  may  readily  compute  the  energy  values 
corresponding  to  a  given  food  analysis,  whether  of  an  individual 
specimen  or  an  average  of  many  specimens  of  a  given  kind.  In  Ap¬ 
pendix  G  of  this  book  there  are  given  such  average  analyses  and 
fuel  or  energy  (calorie)  values  for  a  considerable  number  of  typical 
foods.  More  extended  tables  of  such  data  may  be  found  in  larger 
or  more  technical  books  on  nutrition  and  in  Government  bulletins. 


Hundred-Calorie  Portions 


Another  way  of  dealing  with  the  fuel  value  of  foods  is  to  treat 
the  amount  of  each  food  which  furnishes  100  Calories  as  a 
Standard  Portion. 

100-Calorie  portions  of  some  typical  articles  of  food  weigh  as 
follows: 


Butter  (nearly  pure  fat) ,  about  \  ounce 
Sugar  (pure  carbohydrate) ,  about  1  ounce 

Lean  meat  (essentially  protein  with  three  times  its  weight  of 
water) ,  about  3  to  4  ounces 
Bread,  about  1-g-  ounces 

Any  dry  cereal,  or  flour,  or  meal,  about  1  ounce 
Milk,  about  5  ounces  (two-thirds  of  a  glass) 

Cheese,  jounce  (about  1  inch  cube) 

Dry  beans,  1  ounce 

Potato,  5  ounces  (one  fair  sized  potato) 

Banana,  5|  ounces,  with  skin  (one  average  sized) 

Apple,  7  ounces,  whole  (one  good  sized  apple) 

Orange,  9—10  ounces  (one  large,  or  two  small) 

Prunes,  dry,  whole,  U  ounces  (four  average  sized  prunes). 


Large  numbers  of  other  examples,  including  many  of  cooked 
foods  and  “made  dishes,”  may  be  found  in  Rose’s  Laboratory 
Handbook  for  Dietetics,  and  in  both  the  text  and  the  Appendix  o 

her  Feeding  the  Family.  .  ,  ,  , 

Familiarity  with  100-Calorie  portions  continues  to  be  found 

helpful  to  the  gaining  of  a  good  grasp  of  the  relative  energy  (ca  - 
orie)  values  of  different  types  of  food.  Hence  it  holds  an  honored 
place  in  the  learning  of  food  values,  even  though,  both  m  mstit 
tional  dietetics  and  in  everyday  home  practice,  foods  are  gene  y 
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served  either  in  100-gram  portions  or  in  other  conventional 
“standard”  servings.  The  general  food  composition  table  at  the 
back  of  this  book  is  in  terms  of  nutrients  per  100  grams  of  edible 
food. 

More  Specific  Factors  for  Calculating  Calorie  Values  of  Foods 

The  general  factors  introduced  by  Atwater  and  Bryant  in  1899 
— 4,  9,  4  Calories  per  gram  for  protein,  fat,  and  carbohydrate,  re¬ 
spectively — served  satisfactorily  for  nearly  50  years,  but  called  for 
more  discrimination  when  used  in  special  conditions  arising  from 
the  Second  World  War.  In  May  1947,  the  Food  and  Agriculture 
Organization  of  the  United  Nations  proposed  definite  revisions  in 
a  bulletin  entitled  “Energy-yielding  Components  of  Food  and 
Computation  of  Calories.”  In  1949,  Taylor  and  MacLeod  ex¬ 
plained  the  situation  in  pages  206-208  (including  Table  35 A)  of 
the  Fifth  Edition  of  Rose’s  Laboratory  Handbook  for  Dietetics.  In 
October  1949  there  appeared  a  56-page  bulletin  entitled,  “Food 
Composition  Tables  for  International  Use,”  a  report  prepared  by 
Charlotte  Chatfield,  Nutrition  Division  of  the  Food  and  Agricul¬ 
ture  Organization  of  the  United  Nations.  In  June  1950,  the  U.  S. 
Department  of  Agriculture  issued  its  “Agriculture  Handbook  No. 
8”  which  includes  composition  data  for  751  foods,  all  calorie  values 
for  which  are  computed  by  the  “more  specific  factors.”  This  pub¬ 
lication,  according  to  its  title  page,  “supersedes  Miscellaneous  Pub¬ 
lication  572.”  How  rapidly  the  “more  specific”  (but  also  more 
complicated)  calculation  will  actually  supersede  the  use  of  the 
Atwater  factors”  (and  the  current  statements  based  on  them) 
in  teaching  and  in  practical  dietetics  will  of  course  be  determined 
by  the  test  of  time.  As  both  will  probably  be  more  or  less  current 
lor  the  next  several  years,  results  of  the  two  methods  of  calculation 
are  given  in  parallel  columns  in  Table  40  in  Appendix  C  of  this 
book.  As  appl.ed  to  American  and  West-European  dietary  data  the 

oniy  siightiy  d;fferem  resu,ts  fr°m  th<-  °f  ^ 
toThheedtrrenCe-  bfWem  findingS  are  n°‘  in  aI1  <***  strictly  due 

son  of  these  parallel  columns.  f  the  comPar“ 
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EXERCISES:  for  the  student,  the  teacher,  or  both  working  jointly, 

according  to  circumstances 

1.  (a)  How  many  Calories  did  each  of  your  recorded  dietaries 
(daily  food  intakes)  furnish? 

(b)  What  was  the  percentage  distribution  of  each  day’s  total 
Calories,  as  between  protein,  fat,  and  carbohydrate? 

(The  use  of  Rose’s  Laboratory  Handbook  for  Dietetics  may 
greatly  facilitate  these  calculations.) 

2.  Choose  from  twelve  to  forty  foods*  and  (a)  compute  for  each 
the  percentage  distribution  of  its  Calories  as  between  protein,  fat, 
And  carbohydrate,  (b)  arrange  them  in  three  lists  in  the  order  of  the 
relative  prominence  of  protein,  fat,  and  carbohydrate,  respectively 
(as  thus  computed  with  reference  to  distribution  of  the  calories). 

3.  What  is  the  total  calorie  value  for  each  of  these  foods,  per  100 
grams  of  edible  portion? 
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*  This  exercise  and  the  similar  ones  suggested  at  the  ends  of  some  of  the  su  sc- 
.  r  enters  are  intended  to  develop  familiarity  with  the  relative  values  of 
different  foods  as  sources  of  different  nutritive  factors.  It  is  suggested  th*  your 
selection  of  foods  include  at  least  one  from  each  of  the  ten  groups  shown  in  Chap- 
ter  XIX  and  preferably  several  from  some  of  the  groups. 


V 


HOW  TO  MEET  THE  ENERGY  NEED 
AND  HAVE  THE 
BODY  WEIGHT  YOU  WANT 


As  explained  in  the  preceding  chapter,  we  and  other  living 
things  “trade”  in  energy.  It  is  chiefly  because  we  see  “expenditures” 
of  energy,  as  in  motion  or  in  the  giving  off  of  heat  to  its  surround¬ 
ings,  that  we  consider  an  object  to  be  alive.  Every  living  thing, 
then,  is  always  “spending”  energy,  or,  in  more  precisely  scientific 
terms,  is  engaged  in  processes  which  involve  transformations  of 
energy.  The  total  energy  intake  required  to  meet  all  these  expendi¬ 
tures  we  commonly  speak  of  as  the  energy  need  or  energy  re¬ 
quirement  of  the  body.  Having  sketched  the  scientific  founda¬ 
tions  of  this  subject  in  Chapter  IV,  we  now  take  up  its  everyday 
functioning. 

Activity,  age,  and  size  are  the  outstanding  factors  in  determin¬ 
ing  the  amount  of  energy  needed  by  a  healthy  person  under  ordi¬ 
nary  conditions  of  life. 


Mental  and  Muscular  Activity  as  Factors  in  Energy  Metabolism 

Soon  after  the  satisfactory  development  of  their  respiration 
calorimeter  (noted  in  Chapter  IV),  Atwater  and  Benedict  ar¬ 
ranged  to  have  22  college  students  (separately)  take  mid-year 

whTne  f°m  m  uS  apparatus’  so  ‘ha‘  ‘he  energy  metabolized 
wh,le  performing  this  mental  work  could  be  measured  and  com- 

thefam^imelf  d°Wn-bynthe  SamC  Pe™n  f°r  3  parallel  period  a‘ 

ings  but  with  n  ay’  "i"  the  same  Physical  posture  and  surround¬ 
ings,  but  with  no  mental  work  to  do.  There  was  no  marked  or  con- 
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stant  difference  in  the  results.  Some  students  showed  a  slightly 
higher,  and  some  a  slightly  lower,  energy  metabolism  while  taking 
the  examination  than  in  a  period  of  equal  length  with  parallel 
physical  conditions  without  mental  demand.  If  the  mental  work 
increased  energy  metabolism  in  the  brain,  the  quantitative  effect 
was  so  small  as  to  be  lost  in  the  unavoidable  fluctuations  that  oc¬ 
curred  in  the  muscles.  Even  the  brainiest  person  has  many-fold 
more  pounds  of  muscle  than  of  brain,  and  spends  many  hundreds 
of  Calories  per  day  in  muscular  tension  or  tone.  That  some  students 
spent  more  energy  during  their  examination  was  probably  mainly 
because  their  muscles  as  well  as  their  minds  were  more  tense  dur¬ 
ing  the  ordeal  than  on  the  day  of  rest.  And  that  some  other  students 
showed  decreased  energy  expenditure  during  the  examination- 
period  was  probably  because  they  were  so  well-prepared  and  self- 
disciplined  that  the  more  they  concentrated  their  minds  upon  the 
examination-questions  the  more  completely  their  muscles  relaxed. 

The  factor  of  muscular  tension  was  probably  more  perfectly 
controlled  in  the  later  experiments  of  Dr.  and  Mrs.  Benedict.  In 
repeated  experiments  the  Benedicts  were  able  to  demonstrate  an 
increase  of  energy  metabolism  during  periods  of  mental  work.  But 
the  difference  was  so  slight  that  they  decided  to  make  clear  its 
smallness  by  reporting  that  the  extra  energy  involved  in  an  hour 
of  mental  work  was  no  more  than  is  furnished  by  half  a  peanut. 

Thus  the  contrast  between  mental  and  muscular  work  is  very 
pronounced,  so  far  as  its  quantitative  effect  upon  energy  metabo¬ 
lism  is  concerned. 

In  the  healthy  adult,  muscular  activity  is  usually  the  largest 
variable  factor  in  determining  the  rate  of  energy  expenditure. 

The  average-sized  man  who  spends  about  100  Calories  per  hour 
when  sitting  still  will  (for  the  time  being)  approximately  double 
this  rate  of  expenditure  if  he  simply  strolls  around  the  room,  or 
treble  it  if  he  walks  vigorously. 

Moderate  use  of  large  muscles  may  easily  involve  a  greater 
expenditure  of  energy  than  does  the  most  intense  use  of  a  set  of 
much  smaller  muscles.  Thus  the  slowest  walking  will  probably 
involve  a  larger  output  of  calories  per  hour  than  the  fastest 
typewriting. 

Typical  findings  of  energy  metabolism  per  hour  in  healthy 
grown  people  differently  occupied  are  shown  in  1  able  1  (based  on 
that  of  Dr.  M.  S.  Rose). 
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Total  Energy  Requirement  of  Adults 


By  the  use  of  such  data  as  those  in  the  accompanying  Table  1 ,  the 
probable  food  requirement  for  a  person  of  70  kilograms  (154 
pounds)  may  be  calculated  very  simply,  as,  for  instance,  in  the 
following  example: 


8  hours  of  sleep  at  65  Calories 
2  hours’  light  exercise*  at  170  Calories 
8  hours’  carpentry  work  at  240  Calories 
6  hours’  sitting  at  rest  at  100  Calories 


=  520  Calories 
=  340  Calories 
=  1920  Calories 
=  600  Calories 


Total  food  requirement  for  the  carpenter,  per  day,  3380  Calories 


It  may  be  of  interest  at  this  point  to  make  a  similar  calculation 
for  one’s  own  case,  and  compare  the  outcome  with  the  estimates 
for  typical  occupations  below. 

For  a  healthy  grown  person  of  normal  physique  but  materially 
larger  or  smaller  than  154  pounds  (70  kilograms)  weight,  similar 
calculations  can  be  based  upon  the  data  in  the  per-kilogram  or 
per-pound  columns  of  Table  1.  Among  such  people,  at  least,  the 
differences  between  their  relative  weights  and  their  relative  sur¬ 
face  areas  are  not  so  large  as  to  demand  the  figuring  of  the  data 
to  a  surface-area  basis. 

Neither  is  it  necessary  for  everyday  purposes  to  make  any  fur¬ 
ther  difference  in  energy  allowances  for  men  and  for  women  than 

simply  to  credit  each  with  his  or  her  actual  bodily  size  and  occu¬ 
pation. 

The  Recommended  Allowances  of  the  National  Research  Coun¬ 
cil  (the  “yardstick”  explained  in  Chapter  I)  include  total  food 
energy  for  average  normal  adults  as  follows:  Women  (actual  body 
weight  56  kilograms  or  123  pounds) 


2000  Calories  per  day 
2400 

3000  “  “  “ 


sedentary, 
moderately  active, 
very  active, 

Man  (actual  body  weight  70  kilograms  or  154  pounds) 

sedentary,  2400  Calories 

physically  active,  3000 

with  heavy  work,  4500 

Going  to  and  from  work,  for  example. 


<c 


u 
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Table  1.  Energy  Expenditure  per  Hour  Under  Different  Conditions  of  Muscular 

Activity 


Calories  per  Hour 


Form  of  Activity 

Per  70  Per  Per 
Kilograms  Kilogram  Pound 


Sleeping 

Awake  lying  still 
Sitting 

Reading  aloud 
Standing  relaxed 
Hand  sewing 

Standing  at  laboratory  work 
Knitting 

Dressing  and  undressing 
Singing 

Driving  automobile 
Typewriting  rapidly 
Dishwashing 
Ironing 
Laundry,  light 
Sweeping 

Walking,  2.6  miles  per  hour 
Carpentry,  metal  working, 
industrial  painting 
Bicycling,  moderate  speed 
Dancing,  waltz 
Walking,  3.75  miles  per  hour 
Dancing,  foxtrot 
Walking  down  stairs 
Horseback  riding,  trot 
Sawing  wood 
Swimming 

Running,  5.3  miles  per  hour 
Walking,  5.3  miles  per  hour 
Walking  up  stairs 
Rowing  in  race  ■ 


65 

0.93 

0.43 

77 

1.10 

0.50 

100 

1.43 

0.65 

105 

1.50 

0.69 

105 

1.50 

0.69 

111 

1.59 

0.72 

115 

1.63 

0.74 

116 

1.66 

0.75 

118 

1.69 

0.77 

122 

1.74 

0.79 

133 

1.90 

0.86 

140 

2.00 

0.91 

144 

2.06 

0.93 

144 

2.06 

0.93 

161 

2.30 

1.04 

169 

2.41 

1.09 

200 

2.86 

1.30 

240 

3.43 

1.56 

245 

3.50 

1.59 

280 

4.00 

1.82 

300 

4.28 

1.95 

336 

4.80 

2.18 

364 

5.20 

2.36 

371 

5.30 

2.40 

480 

6.86 

3.12 

500 

7.14 

3.25 

570 

8.14 

3.70 

650 

9.28 

4.22 

1100 

15.8 

7.18 

1190 

17.0 

7.65 
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This  last  figure  provides  for  a  man  who  works  full  time  at  an 
occupation  employing  highly  developed  large  muscles. 

The  allowance  of  3000  Calories  per  day  for  men  formerly 
described  as  “moderately,”  and  now  as  “physically”  active,  has 
been,  and  is,  much  used  as  a  starting  point  in  dietary  calculations. 
As  an  obviously  conventional  base  line  or  bench  mark  its  con¬ 
venience  does  not  depend  upon  how  closely  it  corresponds  to  the 
average  need  of  the  majority  of  the  normal  adults  of  the  popula¬ 
tion.  Doubtless  the  2400  Calories  which  is  the  conventional  Recom¬ 
mended  Allowance  for  moderately  active  women  and  for  seden¬ 
tary  men  is  near  to  the  actual  need  of  a  larger  proportion  of  the 
population.  For  it  is  probably  true  that  women  now  take  more 
exercise  than  formerly  and  that  women  in  commercial  work  are 
often  less  sedentary  than  the  men  working  in  the  same  offices,  and 
many  women  do  housework  in  addition  to  the  duties  of  full-time 
employment  outside  of  the  home.  Meanwhile  it  is  a  steadily  de¬ 
creasing  proportion  of  men  who  are  engaged  in  physically  active 
toil,  and  this  trend  will  doubtless  continue  with  the  increasing  use 
of  labor-saving  machinery. 

But  (as  we  saw  in  Chapter  IV)  one’s  feeling  of  fatigue  may  bear 
but  little  relation  to  the  number  of  calories  spent.  One  may  be 
greatly  fatigued  by  a  day  of  either  hand-  or  type-writing;  but  it 
may  not  involve  as  much  energy  expenditure  as  a  day  of  recreation. 

For  guidance  in  the  practical  planning  of  food  to  meet  the  needs 
of  people  of  different  ages  and  types,  and  at  different  cost  levels, 
Rose’s  Feeding  the  Family  is  especially  recommended. 

Exercises  in  the  planning  and  evaluation  of  dietaries  from  the 
viewpoints  of  different  aspects  of  nutrition  are  suggested  at  the 
ends  of  several  of  the  chapters  of  the  present  book.  If  at  this  stage 
you  are  undertaking  an  exercise  in  which  only  the  calories  of  the 
diet  are  specified,  it  is  nevertheless  well  to  realize  even  from  the 
start  that  every  dietary  should  be  well-balanced  with  respect  to 
other  nutritional  essentials  also. 

^  ablfiLSh°WS  24"hour  energy  requirements  for  men  of  70  kilo¬ 
grams  (154  pounds)  of  various  occupations  typical  for  men;  and 

for  women  of  56  kilograms  (123  pounds)  with  various  occupations 
typical  lor  women. 

caUecTfnr  “"“f ed  Withj  the  ^stion  of  the  calories-per-day 
tro,  of  bod/  :neigShre  °CCUPati°n’  "  thC  qUCSti°n  °f  th£ 


con- 
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Table  2.  Total  Daily  Energy  Requirements  of  Men  and  Women  of  {Conventionally 
Assumed)  Average  Weights  and  with  Typical  Occupations,  from  Taylor  and  Mac-  ' 
Read's  Revision  (1949)  of  Rose's  Laboratory  Handbook  for  Dietetics,  5th 
Edition  ( Macmillan )  by  permission  of  the  authors  and  the  publisher 

Daily  Energy  Requirement  According  to  Occupation 

Calories  per  Calories  per 
Grade  of  Work  Kilogram  Daya 


Men 


Tailor 

Light  exercise 

35 

2450 

Weaver 

Light  exercise 

37 

2590 

Shoemaker 

Moderate  exercise 

40 

2800 

Bookbinder 

Moderate  exercise 

40 

2800 

Carpenter 

Moderate  exercise 

45 

3150 

Metalworker 

Hard  work 

50 

3500 

Farm  laborer 

Hard  work 

55 

3850 

Painter 

Hard  work 

55 

3850 

Excavator 

Very  severe  work 

65 

4550 

Stoneworker 

Very  severe  work 

65 

4550 

Lumberman 

Severest  work 

75 

5200 

Women 

Machine  sewer 

Light  exercise 

35 

1960 

Bookbinder 

Light  exercise 

38 

2128 

Farm  housewife 

Moderate  exercise 

42 

2350 

Waitress 

Moderate  exercise 

45 

2520 

Washerwoman 

Hard  work 

55 

3080 

a  Estimated  on  a  body  weight  of  70  kg.  for  a  man  and  56  kg.  for  a  woman. 


Food  Calories  and  the  Control  of  Body  Weight 

While  the  body’s  weight  may  sometimes  be  significantly  in¬ 
fluenced  by  its  water  balance,  in  the  vast  majority  of  cases  over¬ 
weight  means  over-fatness. 

We  have  seen  that  surplus  calories  of  ingested  food,  whether 
taken  in  the  form  of  protein,  fat,  or  carbohydrate,  tend  to  accumu¬ 
late  in  the  form  of  body  fat.  And  over-fatness  always  means  that 
the  intake  of  food  calories  has  been  out  of  proportion  to  the  ex¬ 
penditure  of  energy  by  the  person  concerned.  Undoubtedly  there  is 
more  tendency  to  overweight  in  some  people  than  in  others,  and 
undoubtedly,  too,  this  sometimes  extends  beyond  the  question  of 
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appetite  to  endocrine  and  perhaps  other  constitutional  differences; 
vet  the  fact  remains  that  for  the  individual  the  control  of  body 
weight  is  essentially  a  matter  of  a  proper  balance  between  what  is 
ingested  as  food  and  what  is  oxidized  in  the  energy  metabolism.  If 
one  tends  to  become  too  fat,  the  remedy  is  to  eat  less  or  to  burn 

more,  or  both. 

To  increase  basal  metabolism  by  administration  of  thyroid, 
thyroxine,  or  any  artificial  drug  designed  to  increase  oxidation  is 
too  dangerous  except  under  strict  medical  control. 

To  increase  the  energy  metabolism  by  muscular  exercise  is  prob¬ 
ably  beneficial  in  a  fair  proportion  of  cases  but  is  apt  to  be  an 
arduous  process  of  weight  reduction,  especially  as  exercise  usually 
increases  the  appetite.  Moreover,  increased  muscular  exercise  in 
the  obese  may  endanger  the  heart.  So  it  is  often  comforting  to  re¬ 
member  the  principle  expounded  by  M.  S.  Rose  that  “the  only 
form  of  exercise  essential  to  the  control  of  body  weight  is  the  exer¬ 
cise  of  the  intelligence.” 

The  scientific  attitude  does  not  simply  ask,  Is  this  food  fattening?, 
nor  even  simply,  How  fattening  is  it?,  but  both  How  does  it  stand 
as  a  source  of  calories?  and  How  important  is  it  as  a  source  of  pro¬ 
tein  and  of  the  needed  mineral  elements  and  vitamins?  If  a  slogan 
must  be  carried  in  mind,  perhaps,  “No  calories  without  vitamins,” 
is  as  good  a  precept  as  any,  though  actually  the  mineral  elements 
of  the  diet  may  be  equally  important. 

Almost  always  the  desirable  degree  of  reduction  of  calorie  in¬ 
take  can  be  made  among  the  foods  that  are  not  important  sources 
of  mineral  elements  and  vitamins,  and  it  is  among  such  foods  that 
the  “cutting  out”  or  the  “cutting  down”  should  "be  done. 

One  should  not  proceed  too  drastically,  nor  should  one  be  dis¬ 
couraged  or  confused  by  short-time  fluctuations  of  body  weight. 
Not  only  may  the  body  gain  or  lose  a  few  pounds  of  water  without 
apparent  reason  or  effect  upon  health,  but  also  the  fluctuations  in 
the  body  s  glycogen  content  influence  its  water  content  at  the  same 
time,  each  gram  of  glycogen  being  usually  accompanied  by  about 

f  SfrT^°f  Water-  Thus  400  Galories  Sained  or  spent  in  the 
form  of  100  grams  of  glycogen  may  quickly  change  the  body 

weight  about  400  grams,  while  the  gain  or  loss  of  this  weight  of  fat 
would  involve  about  3600  Calories. 

K«ping  in  mind  therefore  that  sudden  fluctuations  of  a  few 
p  tnds  do  not  call  for  any  change  of  plan,  and  that  any  weight- 
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reduction  plan  should  aim  not  at  spectacularly  rapid  results  but 
at  steady  moderate  progress,  it  is  well  to  deduct  about  500  Calories 
from  the  daily  intake  which  would  presumably  keep  the  body 
weight  constant. 

A  withdrawal  from  bodily  stores  of  500  Calories  per  day  or  3500 
Calories  per  week  will  normally  mean  the  burning-off  of  about  380 
grams  of  actual  fat.  And  this  will  mean  a  reduction  of  body  weight 
by  about  one  pound  of  adipose  tissue;  for  adipose  tissue  is  about 
four-fifths  actual  fat  and  about  one-fifth  water.  Thus  the  daily 
deficit  of  500  Calories  reduces  body  weight  about  one  pound  per 
week,  and  this  is  about  as  rapid  a  reduction  as  one  should  attempt 
unless  under  constant  medical  advice  and  observation. 

To  what  extent  is  the  body  weight  a  health  problem,  and  to 
what  extent  is  it  merely  a  question  of  style?  The  evidence  seems 
indubitable  that  a  large  proportion  of  young  women  do  keep 
themselves  thinner  than  is  best  for  health,  happiness,  efficiency, 
and  longevity. 

One  whose  body  weight  is  materially  below  the  standard  average 
or  “ideal”  of  life  insurance  companies’  experience  will  (in  the  ab¬ 
sence  of  medical  advice  to  the  contrary)  generally  be  wise  to 
build  up  his  or  her  weight  to  this  standard.  For,  extreme  thinness 
is  a  real  hazard,  though  this  fact  is  often  ignored  (a)  because 
overweight  is  believed  to  be  both  a  more  frequent  and  a  more 
dangerous  hazard,  and  (b)  because  thinness  is  stylish  and  tends 
for  this  reason  to  become  the  accepted  mode.  As  the  late  Profes¬ 
sor  Mary  S.  Rose  emphasized,  underweight  college  women  com¬ 
monly  regard  themselves  as  well,  and  then  are  surprised  to  find 
how  much  better  they  feel,  and  how  much  less  subject  to  fatigue, 
when  they  build  up  their  weight  to  correspond  to  the  life  insurance 
average  for  their  height  and  for  age  25  or  30  as  shown  in  Table  3. 
For  several  years  the  standard  advice  has  been  to  bring  and  keep 
body  weight  to  that  which  corresponds  to  life  insurance  average 
for  the  height  as  of  age  30.  Now,  some  but  not  all  authorities  are 
tending  to  advise  as  of  age  25,  instead.  Hence  columns  for  both 
these  ages  are  now  included  in  Table  3. 

Note  that  in  Table  3  the  height  includes  ordinary  shoe-heels  and 
weight  includes  ordinary  indoor  clothing.  The  data  of  this  table 
are  from  the  tables  published  by  the  United  States  Public  Health 
Service,  which  include  life  insurance  experience. 

For  very  full  data  of  different  studies  of  relations  of  weight  to 
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height,  age,  and  build,  including  the  development  of  the  concept 
of  “ideal  weight”  from  life  insurance  experience,  the  reader  is 
referred  to  pages  74  to  98  of  Taylor  and  MacLeod’s  1949  revision 
of  j Rose’s  Laboratory  Handbook  for  Dietetics  (Macmillan). 


Table  3.  Weight  for  Height  as  of  Ages  25  and  30  ( Pounds ) 


W omen  Men 


Height 

Age  25 

Age  30 

Age  25 

Age  30 

4  ft.  8  in. 

(m 

112 

4  ft.  9  in. 

lTl 

114 

4  ft.  10  in. 

113 

116 

4  ft.  11  in. 

115 

118 

5  ft.  0  in. 

117 

120 

122 

12A 

5  ft.  1  in. 

119 

122 

124 

128 

5  ft.  2  in. 

121 

124 

126 

130 

5  ft.  3  in. 

124 

127 

129 

133 

5  ft.  4  in. 

128 

131 

133 

136 

5  ft.  5  in. 

131 

134 

137 

140 

5  ft.  6  in. 

135 

138 

141 

144 

5  ft.  7  in. 

139 

142 

145 

148 

5  ft.  8  in. 

143 

146 

149 

152 

5  ft.  9  in. 

147 

150 

153 

156 

5  ft.  10  in. 

151 

154 

157 

161 

5  ft.  11  in. 

154 

157 

162 

166 

6  ft.  0  in. 

158 

161 

167 

172 

6  ft.  1  in. 

173 

178 

6  ft.  2  in. 

179 

184 

6  ft.  3  in. 

184 

190 

6  ft.  4  in. 

189 

196 

6  ft.  5  in. 

194 

201 

A  moderate  amount  of  body  fat  is  a  real  asset  and  not  simply 
as  stoied  fuel.  Fat  deposits  in  the  abdominal  cavity  serve  as  pack¬ 
ing  and  support  for  the  kidneys,  and  doubtless  to  some  extent  for 
other  vital  organs  as  well;  while  a  subcutaneous  layer  of  fat  tends 
to  protect  muscles  from  bruises,  and  the  body  as  a  whole  from 
the  effects  of  sudden  changes  in  the  temperature  of  its  surroundings. 

In  cases  in  which  either  lack  of  appetite  or  a  subnormal  digestive 
capacity  makes  the  taking  and  digesting  of  sufficient  food  a  real 
problem,  attention  should  be  given  to  such  selection  of  food  and 


76 


ESSENTIALS  OF  NUTRITION 


a i  rangement  of  meals  as  to  stimulate  the  appetite  and  avoid  over¬ 
burdening  the  digestive  apparatus,  and  care  should  also  be  taken 
that  there  is  sufficient  out-door  life,  and  sufficient  ventilation  in¬ 
doors,  to  develop  and  support  a  good  appetite;  that  fatigue  of  any 
kind  or  at  any  time  is  avoided ;  that  provision  is  made  for  complete 
rest  before  and  after  meals;  and  that  the  meals  contain  an  abun¬ 
dance  of  fruits,  vegetables,  and  milk  as  well  as  more  concentrated 
foods. 

The  proper  nutrition  of  an  underweight  person  is  only  in  part 
the  reverse  of  the  proper  correction  of  overweight,  because  in  both 
cases  the  calories  in  the  food  and  the  fat  in  the  body  while  promi¬ 
nent  in  the  problem  do  not  tell  the  whole  story.  Such  important  pro¬ 
tective  foods  as  fruit  and  milk  should  be  fairly  prominent  in  both 
the  fattening  and  the  reducing  types  of  diet.  The  late  Dr.  L.  H. 
Peters  particularly  commended  to  those  on  reducing  diets  liberal 
servings  of  salad  dressed  with  cheese  and  vinegar  instead  of  any 
dressing  made  with  oil. 

The  principle  embodied  in  the  preceding  paragraph, — adjust¬ 
ment  of  food  calories  without  sacrifice  of  natural  food  values, — is 
of  very  far-reaching  importance,  and  its  practical  application  is 
often  almost  absurdly  simple.  Thus  one  may  eat  a  good-sized 
(thoroughly  washed)  raw  apple  with  an  intake  of  only  about  one 
hundred  Calories  and  with  all  the  mineral  elements  and  vitamin 
values  that  such  an  apple  brings;  while  a  baked  apple  of  the  same 
size  will  probably  have  at  least  another  hundred  Calories  of  added 
sugar.  So  for  one  who  wishes  to  reduce  there  is  a  large  advantage 
in  the  raw  apple.  To  a  still  greater  extent  is  the  apple  “diluted 
with  foreign  calories”  when  it  is  eaten  in  the  form  of  apple  pie.  A 
raw  apple  instead  of  an  average  piece  of  apple  pie  will  mean  more 
of  actual  apple  (with  all  of  its  nutritional  virtues)  at  the  same 
time  with  a  greatly  reduced  calorie  intake.  Probably  every  apple 
calorie  in  the  pie  is  diluted  with  at  least  three  or  four  foreign 
calories  of  sugar,  flour,  and  fat.  This  principle  of  avoidance  of 
culinarily-added  calories  need  only  be  applied  to  a  moderate  pro¬ 
portion  of  the  items  in  a  day’s  food  in  order  to  effect  a  considerable 
change  in  the  calorie  intake  while  fully  maintaining  or  even  in¬ 
creasing  the  protein,  mineral,  and  vitamin  values.  The  interested 
student  can  readily  set  down  in  parallel  columns  two  food  plans  for 
a  day  each  having  the  same  number  of  items  and  variety  of  flavors 
and  essentially  the  same  amounts  of  the  protective  foods  of  high 
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mineral  and  vitamin  value,  but  with  widely  different  total  calories 
according  as  the  foods  which  “bring  calories  without  vitamins” 

are  used  in  larger  or  smaller  amounts. 

The  little  bulletin  by  Professor  Harriet  Barto  on  Sane  Reducing 
Diets  and  How  to  Plan  Them *  is  excellently  concise  and  scientifi¬ 
cally  sound.  A  fuller  discussion  is  included  in  Rose  s  Feeding  the 
Family  (Macmillan). 


Do  Current  Recommended  Allowances  Encourage 
Over-eating  and  Over-weight? 

The  revision  of  1948  lowered  the  previously  recommended 
Allowances  of  Calories  for  sedentary  and  “moderately  active” 
women,  and  for  sedentary  men,  by  100  Calories  a  day,  or  4  to  5 
per  cent  below  the  previous  levels.  This  was  in  recognition  of  a 
widespread  view  that  sedentary  adults  either  probably  do  not  eat 
as  much  as  the  previous  Allowances  suggested ;  or,  if  they  do,  that 
they  are  consuming  more  food  calories  than  would  be  best  for 
their  health  in  the  long  run  of  a  lifetime.  At  a  time  when  our  con¬ 
sciences  had  been  made  keenly  aware  that  a  very  large  proportion 
of  our  fellow-men  do  not  have  enough  food  for  full  health,  we 
should  not  wish  to  consume  more  than  our  own  best  health  re¬ 
quires.  It  is  recognized  by  all  that  a  Recommended  Allowance  of 
food  calories  should  not  exceed  optimal  intake  in  the  sense  of  the 
concept  that  “the  proper  calorie  allowance  is  that  which,  over  an 
extended  period  of  time,  will  maintain  a  body  weight  (or  rate  of 
growth)  at  the  level  most  conducive  to  well-being.” 

But  how  are  we  to  know  what  is  this  optimal  food  calorie  intake 
level?  Significantly,  the  most  fundamental  findings  upon  which  to 
base  our  answer  to  this  question  are  not  those  of  the  most  recent 
investigations  but  rather  those  of  an  earlier  period,  in  which  the 
methods  of  greatest  precision  were  being  used,  and  before  the  less 
expensive  present-day  methods  had  come  into  use.  During  that 
penod  of  most  accurate  measurement  there  were  recorded"  some 
JO-odd  Test  experiments”  with  young  to  middle-aged  men,  each 
ol  whom  lived  for  an  experimental  period  of  one  to  nine  days  in 

e  Atwater  respiration  calorimeter  with  more  accurate  measure¬ 
rs8  of  calories  involved  than  those  of  either  the  earlier  period 
before  these  most  precise  methods  had  been  developed  or  the  later 

*  Full  reference  under  Suggested  Readings  below. 
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(including  the  present)  period  in  which  the  much  less  costly  but  also 
less  exact  methods  were  coming  into  general  use  in  studies  of  food 
consumption  and  apparent  calorie  requirements.  The  “rest  experi¬ 
ments  in  the  respiration  calorimeter  are  of  greatest  significance  to 
the  problem  of  the  calorie  needs  of  human  nutrition  because  these 
were  the  cases  in  which  both  the  energy  metabolism  of  the  men 
who  served  as  subjects  and  the  nature  and  extent  of  their  activities 
on  the  experimental  days  were  more  exactly  known  than  in  other 
studies  either  before  or  since.  These  experiments  averaged  2244 
Calories ;  and  about  the  same  number  of  food  consumption  studies 
of  men  leading  sedentary  lives  not  so  completely  at  rest  averaged 
2466  Calories.  Hence  the  1948  Recommended  Allowance  of  2400 
Calories  per  day  for  sedentary  men  is  in  good  agreement  with  our 
best  scientific  evidence.  Natural  physiological  variability  will  prob¬ 
ably  account  for  many  of  the  individual  cases  of  men  who  appear 
to  be  amply  nourished  at  materially  lower  levels  of  food  consump¬ 
tion;  while  other  such  individual  cases  may  be  due  to  suboptimal 
physical  exercise.  If  we  nutritionists  all  thought  alike  that  men  of 
sedentary  occupations  tend  to  overweight  when  living  year  after 
year  on  2400  Calories  a  day,  we  still  might  legitimately  differ  as  to 
whether  the  majority  would  find  greater  benefit  in  eating  less  or  in 
exercising  more.  (The  present  authors  make  no  apology  for  be¬ 
ginning  this  section  with  a  question  and  not  furnishing  a  Yes  or 
No  answer.  Rather  we  take  the  occasion  respectfully  to  suggest 
that  authors  of  textbooks,  perhaps  especially  in  the  field  of  nutri¬ 
tion,  should  think  and  let  think.) 

The  question  with  which  we  began  this  section  is  more  difficult 
to  answer  for  women  than  for  men.  This  is  for  at  least  three  rea¬ 
sons:  The  above-mentioned  fundamental  series  of  experiments 
with  men  spending  1-9  days  in  the  respiration  calorimeter  has, 
unfortunately,  not  been  paralleled  with  corresponding  measure¬ 
ments  upon  women.  And  the  basal  metabolism  studies  of  a  few 
minutes’  length  do  not  furnish  us  as  conclusive  a  baseline  for  the 
purpose  of  our  present  problem.  Secondly,  largely  because  of  the 
absence  of  such  a  conclusive  baseline  for  long-term  consideration 
of  the  calorie  needs  of  women,  there  have  inadvertently  been  in¬ 
cluded  in  research  papers  on  food  consumption  of  women  a  num¬ 
ber  of  data  which — whatever  their  explanation  may  be — are  sub- 
normally  low  for  inclusion  in  averages  of  supposed  normal  cases. 
The  fact  that  such  cases  have  been  included  as  if  normal  must  al- 
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most  certainly  mean  that  the  recent  literature  underestimates  the 
average  calorie  consumption  of  fully  normal  women.  For  omission 
of  items  or  under-estimate  of  their  amounts  are  doubtless  the  most 
frequent  and  largest  errors;  and,  statistically  regarded,  these  are 
cumulative,  not  compensating,  errors.  (Fuller  development  of  this 
point  would  be  too  technical  for  inclusion  here.)  Finally,  a  third 
source  of  misunderstanding  lies  in  failure  to  keep  in  mind  the  mean¬ 
ings  of  the  terms  sedentary  and  moderately  active  in  Recommended 
Allowances.  To  avoid  not  only  ambiguity  but  serious  misconcep¬ 
tion  these  words  in  this  connection  must  be  thought  of  in  terms  of 
the  muscles  and  not  of  the  mind.  Yet  even  in  the  writings  of  nutri¬ 
tionists,  busy  women  working  long  hours  and  carrying  heavy 
responsibilities  are  called  at  least  moderately  active  whereas  in 
the  terms  of  the  Recommended  Allowances,  they  are  “sedentary.” 
When  understood  as  intended,  the  1948  Recommended  Allow¬ 
ances  seem  well  fitted  to  their  purpose. 


Energy  Needs  during  Physical  Development 


•  For  pregnant  and  lactating  women  and  for  children,  the  Recom¬ 
mended  Daily  Allowances  of  food  energy  are: 


Pregnancy  (latter  half),  2400  Calories  per  day 
Lactation,  3000  “  “  « 

Children  under  1  year,  110  Calories  per  kilo  of  body  wt.,  per  day 
1-3  years  (27  lb.)  1200  Calories  per  day 

4-6  years  (42  lb.)  1600  “  “  “ 

7-9  years  (58  lb.)  2000  “  “  “ 

10-12  years  (78  lb.)  2500  “  “  “ 

Girls  13-15  years  (108  lb.)  2600  “  “  “ 

16-20  years  (122  lb.)  2400  “  “  “ 

Boys  13-15  years  (108  lb.)  3200 

16-20  years  (141  lb.)  3800  “  “ 


,,  IZTigat‘0m  0f  y'7ng  infantS  reSularly  show  them  to  give  off 
at  least  twee  as  much  energy  per  unit  of  weight  as  their  mothen 

do.  This  is  partly  explamable  on  the  ground  of  size  and  surW 

weight  •  e::nediff babI  “V  S™"  ‘he  ^  oGurfat' to 

proportional  to  surface  lhan  ^  ^ 

pound  would  of  itself  mean  more  falories^  per  ^unT" 
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Table  4.  Food  Allowances  for  Children  of  About  Average  Weight  for  Their  Age 
(Based  on  Gillett's  Food  Allowances  for  Healthy  Children  and  Rose’s  Laboratory 

Handbook  for  Dietetics ) 


Calories  per  Day 


Boys 

Girls 

1 

900-1200 

800-1200 

2 

1100-1300 

1000-1250 

3 

1100-1400 

1050-1350 

4 

1200-1500 

1150-1450 

5 

1300-1600 

1200-1500 

6 

1500-1900 

1450-1800 

7 

1600-2100 

1500-1900 

8 

1700-2300 

1600-2200 

9 

1900-2500 

1800-2500 

10 

2100-2700 

1900-2600 

11 

2100-2800 

2000-2800 

12 

2300-3000 

2100-3000 

13 

2500-3500 

2300-3400 

14 

2600-3800 

2400-3000 

15 

2700-4000 

2400-2800 

16 

2700-4000 

2250-2800 

17 

2800-4000 

2250-2800 

Secondly,  children  soon  begin  to  be  muscularly  active.  Their  cry¬ 
ing  and  kicking  may  add  from  25  to  100  per  cent  to  the  24-hour 
calorie  requirement.  By  the  time  this  stage  of  their  development  is 
over,  the  run-about  stage  has  begun.  Most  grown  people  would 
find  their  muscles  over-worked  if  they  tried  to  repeat  their  chi  - 
dren’s  physical  activities. 

Thirdly,  the  child’s  food  requirement  is  further  accentuated  \ 
the  fact  that  the  intake  must  not  only  cover  the  output  but  provide 
also  for  retention  by  the  body  of  the  food  substances  which  become 

tissue  material  in  the  processes  of  growth.  f 

The  Recommended  Allowances  here  given  show  the  extent  o 
extra  feeding  deemed  best  for  women  in  pregnancy  and  lactation 
and  also  the  calorie  allowances  for  children  of  all  ag«- Jhe  ^ume 
average  weights  of  the  children  and  the  corresponding  Calories  are 
for  the  mid  points  of  the  respective  age  ranges.  Differences  within 
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an  age  range  can  readily  be  allowed-for  by  simple  arithmetical 
computation  when  such  elaboration  is  desired.  Individual  differ¬ 
ences  between  children  of  like  age  and  weight  will  of  course  still 
remain.  And  obviously  it  is  even  more  important  with  children 
than  adults  to  make  wise  choices  among  the  foods  which  are  to 
furnish  the  needed  calories.  Tables  4  and  5  are,  therefore,  here 
included  as  concisely  indicating  very  expert  nutritional  judgments 
of  normal  variations  of  need  for  both  sexes  at  different  ages;  and 
desirable  proportions  in  which  to  use  foods  of  different  types  in 
meeting  the  calorie  needs. 


Table  5.  Proportions  in  Which  to  Draw  the  Needed  Calories  from  the  Different  Types 
of  Food,  as  Suggested  by  M.  S.  Rose  (1940) 


Class  of  Food 

Per  Cent  of  Total  Calories  in  Dietary 
of  Child,  Aged: 

1-2 

Tears 

3-5 

Tears 

6-7 

Tears 

8-9 

Tears 

10-12 

Tears 

I. 

Food  from  cereal  grains 

16 

18-20 

22 

21 

20 

II. 

Milk 

67.5 

45-55 

45 

40 

34 

III. 

Vegetables  and  fruits 

10 

16-22 

16 

18 

20 

IV. 

Butter 

3 

4-8 

10 

12 

14 

V. 

Sugar  and  other  sweets 

1 

1-3 

3 

4 

6 

VI. 

Eggs,  cheese,  meat  and 

other  flesh  foods 

2.5 

3.5 

4 

5 

8 

It  should  be  kept  carefully  in  mind  that  Table  5  is  designed  to 
serve  the  largest  possible  proportion  of  people  and  therefore  con¬ 
cedes  as  much  as  practicable  to  the  need  for  pecuniary  economy 
as  well  as  to  custom.  For  this  reason  and  also  because  of  our  steadily 
Vanc‘n?l  knowledge,  the  ideal  dietaries  planned  today  may  well 
use  such  “protective”  foods  as  fruits  and  milk  even  more  liberal" 


Energy  Metabolism  in  Middle-Aged  and  Elderly  People 

areE”iiS°n,WaS  sixtythree  whe"  he  wrote  with  reference  to  his 

expression  ^  We  tra"sla‘e  his  P°«ic 

metabolism?  ^  Ie"Ce  lnto  terms  of  the  energy 
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Hrst  of  all  it  should  be  emphasized  that  people  differ  in  their 
ieactions  to  the  passage  of  years.  Some  are  younger  at  seventy 
than  others  are  at  sixty,  and  the  difference  while  largely  constitu¬ 
tional  is  also  doubtless  due  in  greater  measure  than  previously  be¬ 
lieved,  or  yet  generally  appreciated,  to  the  internal  environment 
induced  and  maintained  by  one’s  daily  choice  of  food. 

But  somewhere  between  the  ages  of  fifty  and  seventy  the  energy 
metabolism  may  be  expected  to  show  significant  diminution  from 
the  young-adult  levels  with  which  most  of  the  preceding  text  has 
been  concerned.  Strictly  speaking,  the  generally  accepted  normal 
standards  for  basal  energy  metabolism  show  a  slight  gradual  dim¬ 
inution  from  the  ’teens  onward;  but  this  is  insignificant  compared 
with  the  differences  in  total  energy  metabolism  resulting  from 
differing  muscular  activity.  When,  somewhere  in  middle  or  ad¬ 
vancing  age,  the  effect  of  diminishing  muscular  activity  is  added 
to  that  of  the  slow  decline  in  basal  metabolism,  the  result  is  a  signifi¬ 
cant  decrease  in  the  number  of  food-calories  needed  per  day.  Prob¬ 
ably  1500  to  2000  Calories  per  day,  depending  upon  size  and 
musculature,  will  meet  the  energy  needs  of  most  people  of  seventy 
and  over.  Quantitative  statements,  however,  can  not  be  made  with 
confidence  because  the  relatively  few  cases  which  have  been  studied 
accurately  and  systematically  show  considerable  individual  differ¬ 
ences,  and  there  probably  is  and  will  be  somewhat  less  average 
difference  in  activity  between  men  of  fifty  and  of  seventy  than  in 
the  past,  as  the  occupations  of  middle  life  are  less  muscular  and  the 
grandfather  of  today  and  tomorrow  may  be  expected  to  retain  the 
activity  of  early  middle  age  through  a  longer  term  of  years. 

EXERCISES 

1.  Compute  your  Calorie  requirement  per  24-hour  day,  from  youi 
body  weight  and  the  number  of  hours  you  spend  in  different  activities. 

2.  Plan  a  day’s  dietary  to  meet  your  computed  Calorie  require¬ 
ment,  choosing  the  foods  from  among  the  forty  with  which  you  have 
familiarized  yourself  in  the  Exercises  of  the  preceding  chapter.^ 

3.  How  would  you  change  the  dietary  planned  in  Exercise  2  to 
make  it  a  reducing  dietary  with  about  500  Calories  less  of  total  energy 

V3,l  UC  ^ 

4.  A  student  20  years  old  and  5  ft.  5  in.  tall  is  underweight.  Modify 
the  dietary  planned  in  Exercise  2  above  so  as  to  build  up  the  bod) 
weight  of  this  student.  Is  the  “fattening”  diet  you  have  thus  planned 
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appetizing?  Is  it  comfortably  digested?  Is  it  reasonably  economical  in 
cost? 

5.  How  many  Calories  of  food  per  day  would  you  allow  for  a  family 
consisting  of  a  bookkeeper  of  45  (weight  155  lbs.)  ;  wife  of  40  (weight 
125  lbs.)  who  docs  all  of  the  housework;  a  girl  of  15,  a  boy  of  13,  and 
a  boy  of  11,  all  these  children  of  average  size  for  their  ages  and  all 
attending  school? 
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VI 


HOW  TO  MEET  THE  NEED 
FOR  PROTEIN 


Uses  of  Proteins  in  the  Body 


A  brief  glimpse  of  the  nature  and  significance  of  protein  was  met 
in  Chapter  II  and  in  the  summary  (near  the  end  of  Chapter  III) 
of  the  fate  of  foodstuffs  in  the  body.  We  saw  that  protein  may  ( 1 ) 
be  used  in  the  building  or  upkeep  of  body  tissues,  or  (2)  may  serve 
as  precursors  in  the  formation  of  certain  specific  regulatory  sub¬ 
stances  (hormones,  enzymes),  or  (3)  may  in  part  be  used  as  body 
fuel — along  with  carbohydrate  and  fat. 

The  prominence  of  the  proteins  as  components  of  body  tissues, 
and  their  importance  to  life  processes  as  precursors  of  hormones  and 
enzymes  give  them  a  very  fundamental  place  in  the  science  of  nu¬ 
trition.  And  these  facts  together  with  traditional  considerations 
give  protein  such  prestige  or  status  value  as  tends  to  continue  the 
investment  of  a  large  share  of  the  food  budget  in  protein  notwith¬ 
standing  the  great  importance  of  several  of  the  more  recently  dis¬ 
covered  factors  in  food  values. 

Hence  the  present  chapter  has  a  two-fold  importance:  to  amplify 
and  clarify  our  understanding  of  the  ways  in  which  the  proteins 
and  their  amino  acids)  serve  the  nutritional  needs  and  processes 
of  the  body;  and  to  consider  how  much  protein  should  be  provided 
in  our  normal  daily  dietaries. 


Interpretation  of  the  Nutritive  Functions  of  Proteins 
in  Terms  of  Their  Amino  Acids 

,  T*  r  aiready  Seen>  the  large  implex  protein  molecule  is 

JV? v  ’  by  dlgestl0n’  almost  completely  to  the  amino  acids  of 
which  it  was  essentially  composed. 
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Every  typical  protein  yields  on  hydrolysis  at  least  several  differ¬ 
ent  kinds  of  amino  acids;  and  no  less  than  twenty-one  kinds  of 
amino  acid  are  now  recognized  as  commonly  received  by  the  body 
from  its  protein  food.  The  familiar  names  of  these  are:  alanine, 
arginine,  aspartic  acid,  cystine,  glutamic  (glutaminic)  acid,  gly¬ 
cine  (glycocoll),  histidine,  hydroxyglutamic  acid,  hydroxyproline, 
isoleucine,  leucine,  lysine,  methionine,  norleucine,  phenylalanine, 
proline,  serine,  threonine,  tryptophane,  tyrosine,  and  valine  The 
chemical  names  and  structural  formulae  of  these  amino  acids  are 
given  in  many  textbooks  of  biochemistry  including  Chapter  IV 
of  Sherman’s  Chemistry  of  Food  and  Nutrition ,  7th  Edition. 

It  is  essentially  in  the  form  of  amino  acids  that  food  proteins  are 
absorbed  from  the  intestinal  tract  and  carried  to  the  tissues  where 
they  are  used.  Indeed,  Professor  W.  C.  Rose  of  the  University  of 
Illinois  has  demonstrated  that  a  suitable  mixture  of  amino  acids 
is  a  nutritionally  satisfactory  substitute  for  protein  even  in  the  diet 
of  young,  growing  experimental  animals. 

From  the  amino  acids  which  the  blood  distributes,  the  organs 
and  tissues  build  (synthesize)  the  numerous  body  proteins  upon 
which  many  aspects  of  the  life  process  depend.  For,  not  only  are 
proteins  essential  components  of  all  protoplasm,  and  the  most 
abundant  constituents  of  the  active  tissues:  they  and  their  deriv¬ 
atives  have  other  highly  significant  functions  as  well.  Many  of  the 
enzymes  and  other  catalysts  which  the  body  makes,  it  makes  either 
wholly  or  in  part  from  the  digestion-products  of  the  food  proteins. 
Moreover,  the  hemoglobin  in  the  red  blood  cells,  which  transports 
oxygen  from  the  lungs  to  the  tissues  where  it  is  needed,  is  a  protein. 
And,  throughout  the  body,  proteins  in  solution  play  an  essential 
part  in  maintaining  neutrality  and  in  controlling  the  distribution 

and  exchanges  of  the  body  water. 

In  addition  to  their  use  for  the  synthesis  of  proteins,  some  ol  t  e 
amino  acids  go  into  the  formation  of  less  complex  substances,  sue 
as  glutathione  (which  contains  the  amino  acids  glycine,  cystine, 
and  glutamic  acid) ;  and  the  hormones  epinephrine  (  adrenaline  ) 
and  thyroxine  (which  are  related  to  the  amino  acid  tyrosine). 

Secretin  which  was  mentioned  in  Chapter  III  as  the  hormone 
which  serves  as  the  “messenger”  from  the  intestine  to  the  pancreas 
in  digestion,  has  also  been  found  to  be  an  amino-acid  derivative 
It  is  classed  as  a  polypeptide,  being  intermediate  in  molecular  size 
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between  such  a  chemically  simple  hormone  as  thyroxine,  and,  on 
the  other  hand,  such  a  typically  protein  substance  as  insulin. 

The  amino  acids  in  excess  of  those  required  for  the  specific  func¬ 
tions  of  the  building  or  upkeep  of  body  proteins  or  the  formation 
of  other  nitrogenous  substances,  are  deaminized  (lose  their  ammo 
groups)  and  the  remaining  fragments  are  burned  to  yield  energy 
or  converted  into  body  fat.  But,  since  we  know  that  carbohydrate 
and  fat  are  efficient  fuels  to  meet  the  body’s  energy  requirement, 
this  is  not  to  be  regarded  as  a  specific  function  of  the  dietary  pro¬ 
tein  in  the  same  sense  as  those  functions  discussed  in  the  preceding 
paragraphs.  Upkeep  seems  a  better  word  than  “repair”  to  indicate 
the  exchange  of  material  which  goes  on  constantly  even  in  entirely 
normal  (uninjured)  tissue.  On  the  other  hand,  it  is  partly  for 
reasons  of  repair  that  a  surgeon  may  wish  the  protein  content  of  a 
diet  for  his  surgical  patient  to  be  relatively  higher  than  its  fat  or 
carbohydrate  content  or  total  calorie  value. 


Factors  Determining  the  Nutritive  Value  of  Proteins 


It  has  long  been  recognized  that  all  proteins  are  not  of  the  same 
value  in  nutrition.  Thus,  in  1872  Voit  found  that  the  protein  gela¬ 
tin  could  not  be  substituted  for  meat  protein  in  the  diet  of  dogs 
without  some  loss  of  body  protein.  Later,  Osborne  and  Mendel,  in 
some  of  the  early  work  using  rats  as  tools*  for  nutrition  research, 
compared  the  nutritive  effectiveness  of  a  number  of  purified  pro¬ 
teins  (Fig.  16).  They  found,  for  example,  that  when  the  only  pro¬ 
tein  in  the  diet  of  young  rats  is  casein  the  animals  are  able  to 
grow  normally,  while  if  gliadin,  one  of  the  proteins  of  wheat,  is 
given  as  the  sole  food  protein  the  animals,  although  they  maintain 
their  body  weight  (and  stores  of  protein),  grow  little  or  not  at  all. 
If,  however,  zein,  one  of  the  proteins  of  corn  (maize),  is  the  only 
"fed>  the  animals  soon  begin  to  lose  weight,  and  ultimately 
die.  When  tryptophane,  an  amino  acid  not  present  in  zein  (or  only 


nrnEi^he  expenmental  animal  is  only  a  tool  or  instrument  of  research  when  the 
Of  proteins  in  nutritfon.  ‘  f  d  P  V  f0r  man  ln  the  exP<™ental  study 
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Fig.  16.  Effect  of  the  kind  of  protein  in  the  diet  on  the  rate  of  growth.  Body 
weight  curves  of  typical  rats  on  diets  otherwise  similar  and  adequate  but 
containing  in  each  case  only  a  single  protein,  casein,  gliadin,  or  zein,  fed  at 
the  same  liberal  level,  18  per  cent  of  the  food  mixture.  (From  the  experiments 
of  Osborne  and  Mendel.) 


Fig.  17.  Effect  of  adding  to  a  diet  containing  zein  as  sole  protein  the  ammo 
acids  lysine  and  tryptophane:  showing  that  a  “nutritionally  incomplete  pro¬ 
tein  can  support  growth  when  supplemented  by  the  essential  amino  acids  which 
it  lacks.  (From  the  experiments  of  Osborne  and  Mendel.) 

in  traces),  but  found  in  casein  and  in  gliadin  (and  also  in  maize 
proteins  other  than  zein),  is  given  in  addition  to  zein,  rats  may  be 
able  to  maintain  their  body  weight  although  they  cannot  grow.  But 
if  lysine,  another  amino  acid  which  zein  lacks,  is  further  given  in 
addition  to  the  protein  zein  and  the  amino  acid  tryptophane,  t  e 
rats  are  enabled  to  gain  weight  rapidly  (see  Fig.  17). 
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Correspondingly,  an  explanation  of  the  fact  that  gliadin  as  sole 
protein  in  the  diet  suffices  for  maintenance  but  cannot  promote  nor¬ 
mal  growth  is  suggested  by  the  finding  that  this  protein  contains 
only  a  very  small  quantity  of  the  amino  acid  lysine.  Osborne  and 
Mendel  observed  actually  that  gliadin  fed  with  supplementary 
amounts  of  lysine  affords  an  amino-acid  mixture  fully  satisfactory 
to  meet  the  needs  of  a  normal  rate  of  gain  in  body  weight. 

These  and  many  other  instances  in  which  chemical  studies  of 
the  amino-acid  composition  of  a  protein  were  correlated  with 
nutritional  studies  of  its  effectiveness  in  meeting  the  body’s  pro¬ 
tein  requirement  have  shown  clearly  that  the  nutritive  value  of 
a  protein  depends  primarily  upon  the  kinds  and  relative  propor¬ 
tions  of  the  amino  acids  into  which  it  is  resolved  (hydrolyzed)  by 
digestion.  (There  are  a  few  cases  in  which  secondary  factors  may 
have  some  nutritional  significance;  but  they  are  not  of  sufficient 
importance  to  warrant  discussion  here.) 


Stepwise  Gains  of  Knowledge  Through  Experimentation 

Out  of  such  studies  as  are  illustrated  by  Figs.  16  and  17  grew 
also  another  concept.  While  body  proteins  contain  about  twenty 
kinds  of  amino  acids,  each  of  which  is  in  this  sense  essential  to  the 
body  structure,  only  certain  specific  ones  of  these  are  nutritionally 
essential  (  nutritionally  indispensable )  in  the  sense  that  they  must  be 
supplied  by  the  nutriment  before  the  body  can  grow  form  new 
protein )  at  a  normal  rate,  whereas  others  need  not  be  supplied  by 
the  food  since  they  can  be  derived  from  other  materials  ordinarilv 
available  within  the  body.  For  instance,  the  amino  acids  glycine, 
lysine  and  tryptophane  are  essentially  absent  from  the  protein 
zein.  As  we  have  seen  (Fig.  17),  the  feeding  experiments  with 
zem  as  sole  dietary  protein  afford  evidence  in  favor  of  classify¬ 
ing  tryptophane  and  lysine  as  nutritionally  indispensable,  for  growth 
occurs  only  when  both  of  these  amino  acids  are  fed  in  addition  to 
zem.  Glycine,  on  the  other  hand,  appears  from  this  experiment  to 

mixture  Thief,'  *Spei|‘.SabIe’  lnasmuch  as  a  “in-lysine-tryptophane 
mixture,  which  supplies  no  glycine,  can  nevertheless  satisfy  the 
amino-acid  requirements  for  normal  growth 

indkpTsablhTof  *"  n0t  man>a  inStanCCS  Where  the  nutritional 

oftheheet  d  s"k  aC'd  T  S°  “  <hat 

jit  discussed.  Known  cases  of  complete  absence  of  one 
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or  two  amino  acids  from  an  otherwise  satisfactory  protein  are  com¬ 
paratively  rare;  and,  furthermore,  methods  for  the  determination 
of  some  of  the  amino  acids  still  fall  short  of  perfection.  While 
it  may  be  possible  to  show  that  a  given  amino  acid  is  nutritionally 
essential  without  having  excluded  it  altogether  from  the  basal  diet, 
one  cannot  conclude  that  a  given  amino  acid  is  not  nutritionally  es¬ 
sential  unless  it  can  be  established  that  normal  growth  is  possible 
on  a  diet  which  is  beyond  doubt  completely  devoid  of  the  amino 
acid  in  question.  Otherwise  the  possibility  remains  that  the  organ¬ 
ism  does  require  a  dietary  supply  of  the  amino  acid  but  that  the 
amounts  needed  are  so  small  that  they  can  be  satisfied  by  the  very 
low  concentration  afforded  by  the  basal  diet. 

It  has  therefore  been  necessary  to  find  other  means  for  effectively 
excluding  from  the  diet  the  amino  acid  whose  status  is  under  in¬ 
vestigation,  while  supplying  to  the  experimental  animal  all  of  the 
other  factors  required  for  normal  nutrition.  The  attainment  of  this 
objective,  and  the  resulting  classification  of  the  known  amino  acids 
as  “nutritionally  essential"  or  “nutritionally  non-essential"  is 
largely  the  result  of  many  years  devoted  to  this  field  of  investiga¬ 
tion  by  William  C.  Rose  and  his  associates  at  the  University  of 
Illinois.  These  investigators  put  together  mixtures  of  purified  amino 
acids  in  the  proportions  in  which  they  were  supposed  to  occur  in 
some  nutritionally  “complete"  proteins;  with  the  idea  that  such  a 
mixture  when  introduced  in  place  of  protein  into  an  otherwise  suit¬ 
able  diet  should  permit  normal  growth,  and  that  one  might  then 
proceed  to  investigate  the  nutritive  importance  of  individual  amino 
acids  by  omitting  them,  one  by  one,  from  the  mixture  and  ascer¬ 
taining  the  effect  of  this  change  upon  growth.  Casein  was  chosen 
as  a  pattern  to  be  followed  in  compounding  such  a  mixture  of 
amino  acids,  but  it  was  soon  found  that  all  of  the  then  known 
amino  acid  components  of  this  protein  fed  together  in  the  appro¬ 
priate  proportions  failed  to  support  good  growth,  although,  under 
otherwise  identical  conditions,  casein  itself  gave  excellent  results. 
The  search  for  an  explanation  of  this  observation  led  ultimately  to 
the  discovery  of  the  amino  acid  threonine  which  had  not  previously 
been  identified  as  a  component  of  proteins.  1  his  discovery— in  it¬ 
self  of  great  scientific  interest — solved  the  final  difficulty  in  the 
way  of  preparing  a  synthetic  mixture  of  purified  amino  acids  which 
can  fully  meet  the  nutritional  need  for  protein.  Then,  by  successively 
excluding  one  or  another  amino  acid.  Rose  was  able  to  show  that 
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ten  amino  acids  satisfy  his  definition  of  “an  indispensable  dietary 
component  as  one  which  cannot  be  synthesized  by  the  animal  or¬ 
ganism,  out  of  the  materials  ordinarily  available  at  a  speed  com¬ 
mensurate  with  the  demands  for  normal  growth.”  If  any  one  of 
these  ten  socalled  “nutritionally  essential  amino  acids  is  lacking  m 
the  amino-acid  mixture,  normal  growth  will  not  occur.  But  if  all 
ten  of  these  are  provided  in  suitable  amounts,  the  body  can  form 
from  them  the  remaining  amino  acids  which  enter  into  the  com¬ 
position  of  its  proteins.  The  ten  amino  acids  now  called  “nutri¬ 
tionally  essential,”  in  the  sense  that  they  must  be  furnished  through 
the  nutriment,  are  shown  in  Table  6. 


Table  6.  Amino  Acids  Which  Are  Nutritionally  Essential  or  Indispensable  for  Growth 

in  the  Sense  Explained  in  the  Text 


Arginine 

Methionine 

Histidine 

Phenylalanine 

Isoleueine 

Threonine 

Leucine 

Tryptophane 

Lysine 

Valine 

More  recently,  a  further  discrimination  among  the  amino  acids 
has  been  made.  Rose  has  proceeded  to  establish  which  of  the  amino 
acids  must  be  supplied  for  adult  maintenance.  In  this  case,  it  was 
possible  to  experiment  with  human  beings,  who  were  fed  diets  as 


highly  purified  as  those  of  the  most  meticulous  animal  experiments. 
Rose  found  that  young  male  graduate  students  could  maintain 
their  stocks  of  body  protein  on  diets  containing  no  protein  but  a 
mixture  of  the  ten  amino  acids  necessary  for  normal  growth  (Table 
6 ) .  One  or  another  of  these  amino  acids  was  then  removed  from  the 
diet  and  the  results  noted.  Arginine  and  histidine  could  be  with¬ 
held  without  deleterious  effect  on  the  “protein  balance”;  but 
when  any  of  the  other  eight  amino  acids  was  lacking,  the  body  be¬ 
gan  to  lose  nitrogen  (protein)  sharply.  Thus,  isoleucine,  leucine, 
ysine,  methionine,  phenylalanine,  threonine,  tryptophane,  and 
valine  all  are  nutritionally  essential  in  the  maintenance  of  nitro¬ 
gen  (protein  equilibrium  in  normal  adult  man.  Apparently  adult 

TcidsT  ma£C  arginine  and  histidine  from  other  essential' amino 

Whether  If"'  T  t0  mCet  thC  neCds  °f  normal  maintenance, 
er,  or  under  what  conditions,  the  growing  child  (like  young 
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experimental  animals)  requires  arginine  or  histidine  or  both,  and 
whethei  in  adults  special  circumstances  such  as  pregnancy,  lacta¬ 
tion,  or  disease,  cause  demand  for  certain  amino  acids  not  needed 
for  normal  maintenance,  are  not  yet  known. 

That  the  criterion  of  indispensability  of  an  amino  acid  is  by  defi¬ 
nition  the  inability  of  the  body  to  form  it  fast  enough  for  normal 
growth  should  be  kept  in  mind  if  confusion  and  misapprehension 
are  to  be  avoided.  Thus,  arginine,  which  the  body  can  indeed  form, 
but  not  fast  enough  for  normal  growth,  is  classified  as  indispensable. 

Essential  amino  acids  may  be  thought  of  as  used  in  two  distinct 
ways: 

( 1 )  unchanged,  as  “building  stones’'  for  body  proteins,  enzymes, 
etc.,  for  which  purpose  the  particular  indispensable  amino  acid 
and  it  alone  may  be  used ; 

(2)  as  precursors,  from  which  are  formed  the  socalled  dispensa¬ 
ble  amino  acids. 

It  would  seem  logical  to  expect  that  the  amounts  of  the  in¬ 
dispensable  amino  acids  which  are  required  will  be  increased  in 
proportion  as  the  dispensable  amino  acids  of  which  they  are  pre¬ 
cursors  are  lacking  in  the  food;  and  conversely,  the  need  for  them 
should  be  somewhat  diminished  if  the  diet  provides  liberal  amounts 
of  the  socalled  dispensable  acids.  Whether  or  not  this  merits  con¬ 
sideration  from  a  practical  point  of  view  will  depend  upon  how  specific 
is  the  relationship  between  indispensable  and  dispensable  amino  acid. 
It  is  shown  to  be  of  great  importance  in  the  case  of  the  sulfur-con¬ 
taining  amino  acids,  methionine  and  cystine.  According  to  the  usual 
definition,  methionine  is  characterized  as  indispensable,  cystine  as  dis¬ 
pensable.  Methionine,  however,  is  the  only  known  material  ordinarily 
presented  to  the  body  from  which  cystine  may  be  formed.  Thus,  of  all 
the  usual  dietary  constituents,  methionine  alone  can  fulfill  the  bodily 
functions  for  which  methionine  itself  is  required;  and  only  methionine 
or  cystine  can  supply  the  cystine  needed  for  body  processes.  What, 
then,  if  a  diet  supplies  a  limited  amount  of  methionine — enough,  let 
us  say,  to  meet  the  growth  requirements  for  methionine  per  se  but  not 
sufficient  to  provide  the  needed  cystine?  Whether  or  not  growth  can 
occur  under  such  circumstances  will  depend  directly  upon  the  amount 
of  cystine  which  the  diet  supplies.  This  is  illustrated,  for  example,  by 
Osborne  and  Mendel’s  experiments  with  low-casein  diets  (Fig.  18); 
and  by  the  work  of  Womack  and  Rose  (1941)  with  purified  amino 
acid  mixtures.  Additional  cystine  is  said  (Sure,  1941)  to  improve 
correspondingly  the  nutritional  value  of  the  diet  for  the  suppoit  o 
lactation.  Similarly,  tyrosine  has  been  shown  to  “spare”  phenylalanine 
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(Womack  and  Rose,  1946).  In  these  cases,  a  socalled  nutritionally 
dispensable  amino  acid  proves  to  be  the  very  factor  which  determines 
the  nutritive  value  of  the  diet! 


Fig.  18.  Effect  on  growth  of  reducing  the  proportion  of  casein  in  the  diet;  and 
of  feeding  the  amino  acid  cystine  in  addition  to  the  lower  level.  This  experi¬ 
ment  of  Osborne  and  Mendel  illustrates  the  facts:  ( 1 )  that  a  protein  which 
at  a  liberal  level  of  intake  (here  18  per  cent)  supports  normal  growth  may  be 
unable  to  do  so  when  fed  in  reduced  proportion  (here  9  per  cent);  and  (2) 
that,  as  explained  in  the  text,  under  certain  circumstances  growth  may  be 
promoted  by  the  addition  of  a  so-called  nutritionally  dispensable  amino  acid. 


How  May  the  Nutritive  Value  of  a  Protein  Be  Assessed? 

Except  for  a  few  cases  presenting  abnormalities  or  particular 
difficulties  in  digestion,  it  is  now  believed  that  the  nutritive  values 
of  the  food  proteins  depend  (as  has  already  been  intimated)  essen¬ 
tially  upon  the  kinds  of  amino-acid  radicles  which  they  contain 
and  the  quantitative  proportion  of  each.  Of  principal  interest, 
obviously,  are  the  socalled  nutritionally  indispensable  amino  acids, 
for  which  tentative  values  in  a  number  of  proteins  and  foods  are 
given  in  Table  29,  in  Chapter  XIX.  It  should  be  remembered, 
however,  that  methods  for  the  determination  of  the  individual 
amino  acids  are  still  being  perfected.  Present  knowledge  is  exten- 
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sive  and  highly  significant;  but  it  is  possible  that  many  of  the 
quantitative  data  are  subject  to  improvement  in  precision.  Further¬ 
more,  although  the  needs  for  adult  maintenance  are  being  estab¬ 
lished,  there  is  still  a  great  deal  to  be  learned  about  the  relative 
proportions  of  the  amino  acids  that  are  needed  in  growth. 

Hence,  at  the  present  time,  we  interpret  nutritional  differences 
among  proteins  essentially  in  terms  of  their  amino-acid  make-up; 
but  it  is  not  yet  safe  to  predict  quantitative  differences  in  nutritive 
value  on  the  sole  basis  of  the  data  obtainable  in  vitro.  Empirical  de¬ 
terminations  of  nutritive  values  by  means  of  quantitatively  con¬ 
ducted  feeding  experiments  are  still  needed,  as  well  as  qualitative 
and  quantitative  investigations  of  the  amino-acid  make-up  of  the 
proteins  concerned. 

On  the  basis  of  tests,  such  as  those  of  Osborne  and  Mendel 
already  mentioned,  in  which  young  experimental  animals  are  fed 
diets  containing  only  a  single,  isolated  protein,  the  following  quali¬ 
tative  classification  of  proteins  has  been  suggested  and  consider¬ 
ably  used  in  teaching: 

(1)  “Complete”  proteins:  those  which  maintain  life  and  pro¬ 
vide  for  normal  growth  of  the  young  when  used  as  the  sole  protein 
food.  Casein  is  the  example  of  a  complete  protein  in  the  preceding 
discussion.  Other  proteins  in  this  group  include  lactalbumin  of 
milk;  ovalbumin  and  ovovitellin  of  egg;  glycinin  of  soybean;  ex- 
celsin  of  Brazil  nut;  and  edestin,  glutenin,  and  maize  glutelin  of 
the  cereal  grains. 

(2)  “Partially  incomplete”  proteins:  those  which  maintain  life 
but  do  not  support  normal  growth.  From  the  work  of  Osborne 
and  Mendel  already  described,  it  is  evident  that  gliadin  is  repre¬ 
sentative  of  this  group. 

(3)  “Incomplete”  proteins:  those  which,  as  sole  dietary  pro¬ 
tein,  are  incapable  of  supporting  either  growth  or  life.  Zein  clearly 
belongs  to  this  class,  as  does  also  gelatin. 

Any  such  grouping  of  the  proteins,  however,  should  be  used 
with  much  discrimination,  and  with  great  care  to  insure  an  under¬ 
standing  of  the  quantitative  aspects  of  the  experimental  data,  if 
misconceptions  are  to  be  avoided.  Edestin  is  a  conspicuous  example 
of  a  “complete”  protein,  having  served  (in  experiments  by  Osborne 
and  Mendel)  as  the  sole  protein  food  of  a  family  of  rats  for  three 
generations.  But  when  the  percentage  of  edestin  in  the  lood  mixture 
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was  considerably  reduced,  results  like  those  above  described  for 
gliadin  were  obtained — the  diet  did  not  support  a  normal  rate 
of  growth,  but  this  could  be  secured  by  adding  lysine  to  the  food 
mixture.  Similarly  casein  when  fed  in  reduced  proportion  to  the 
total  food  mixture  did  not  support  normal  growth;  but  growth 
became  normal  when  cystine  was  added  (Fig.  18).  Thus  “com¬ 
plete”  proteins  may  behave  as  “partially  incomplete”  when  fed 
in  reduced  proportion.  It  is  also  to  be  remembered  that  varying 
rates  of  growth  in  different  species  (not  to  mention  other  differ¬ 
ences)  make  inadmissible  any  broad  generalizations  as  to  the  pro¬ 
portions  in  which  any  protein  should  be  fed  to  species  other  than 
that  with  which  its  “completeness”  or  “incompleteness”  has  been 
demonstrated. 


In  1916,  Osborne  and  Mendel  published  quantitative  measurements 
of  the  relative  efficiency  (for  support  of  growth  in  young  rats)  of  some 
of  the  “complete”  proteins.  The  rate  of  gain  obtained  with  8  per  cent 
of  lactalbumin  required  12  per  cent  of  casein  or  15  per  cent  of 
edestin;  or,  as  they  also  state  the  results,  “to  produce  the  same  gain  in 
body  weight,  50  per  cent  more  casein  than  lactalbumin  was  required, 
and  of  edestin  nearly  90  per  cent  more.” 


Lest  we  attribute  undue  weight  to  the  differences  between 
individual  proteins,  we  should  remember  that  practically  all  foods 
except  gelatin  contain  more  than  one  kind  of  protein.  Corn 
(maize),  for  example,  in  addition  to  the  incomplete  protein  zein 
contains  other  proteins,  at  least  one  of  which  yields  all  the  nutri¬ 
tionally  essential  amino  acids.  Thus  there  is  less  danger  of  an  in¬ 
complete  assortment  of  amino  acids  in  even  a  single  natural  food 
than  in  a  single  isolated  protein.  Nevertheless,  the  mixtures  of  pro¬ 
teins  found  in  certain  articles  of  food  have  higher  nutritive  effi¬ 
ciency  than  the  natural  mixtures  in  certain  other  foods  because 
t  ey  contain  the  essential  ammo  acids  in  proportions  which  approx- 

T*  r,re  Cl0^ly.the  ne,eds  of  the  body.  Thus,  the  various  means 

animal  "S  Ve  V?lueS  agree  in  indicating  that  proteins  of 

of  those  H1Sm  Tt’  38  a  f  aSS’  SUperior  in  nufitive  efficiency  to  most 

Ik  and  whC,  I3"18'  8f  thC  an!mal  Pr°tcins> those  of  whole 

milk  and  whole  eggs  share  the  first  place.  Next  come  the  animal 

tissue  proteins,  among  which  those  of  liver  and  kidney  probably 
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ha\e  a  higher  value  than  those  of  muscle.  Among  the  nutritionally 
important  plant  protein  mixtures,  those  of  the  cereal  grains,  though 
inferior  to  most  animal  proteins,  have  nevertheless  been  found  to 
possess  a  higher  value  than  those  of  white  flour.  The  natural  pro¬ 
tein  mixture  of  milk  is  much  more  efficient  than  those  of  the  grains, 
when  each  food  is  fed  separately  as  sole  source  of  protein.  Yet  when 
grains  and  milk  are  fed  together  in  favorable  proportions,  their 
proteins  so  supplement  each  other  in  furnishing  the  nutritionally 
essential  amino  acids  that  the  combination  may  be  practically  as 
efficient  as  the  milk  proteins  alone.  This  supplementary  relationship 
between  proteins  is  of  great  importance  both  nutritionally  and 
economically,  since  it  makes  possible  the  full  utilization  of  the  low- 
cost  proteins  of  grains  and  other  vegetable  foods,  provided  only 
that  they  are  fed  in  combination  with  sufficient  amounts  of  those 
foods  which  reinforce  their  content  of  certain  essential  amino  acids. 

In  the  maintenance  of  full  growrn  tissues,  there  need  be  no  special 
anxiety  regarding  the  adequacy  of  the  amino-acid  mixture  yielded 
by  the  proteins  of  mixed  diets  such  as  are  common  in  this  country. 
But  in  cases  in  which  new  protein  must  be  built  up  in  the  body, 
e.g.,  growth,  pregnancy  and  lactation,  convalescence  from  a  wast¬ 
ing  disease,  or  feeding  to  build  up  a  chronically  undernourished 
person,  the  choice  of  proteins  may  become  a  matter  of  considerable 
importance.  The  proteins  of  milk  and  eggs  are  the  ones  best  suited 
for  conversion  into  body  proteins.  For  this  and  other  reasons  it  is 
highly  desirable  that  milk  or  eggs  or  both  be  provided  abundantly 
in  the  diet  of  growing  children,  of  pregnant  or  nursing  women, 
and  of  all  people  who  require  “building  up.” 

A  further  discussion,  which  includes  an  analogy  so  widely  quoted 
as  to  be  rapidly  becoming  a  classic,  will  be  found  on  page  16  of 
Rose’s  Feeding  the  Family ,  4th  Edition  (1940). 

k 

How  Much  Protein  is  Needed  for  Adult  Maintenance? 

Maintenance  requirement  is  the  amount  required  for  nutritional 

equilibrium  in  the  body.  >  .  . 

Whether  the  body  is  in  protein  equilibrium  or  is  gaining  or  los¬ 
ing  protein,  is  ascertained  by  means  of  nitrogen  balance  experi¬ 
ments  These  are  experiments  in  which  one  determines,  by  means 
of  chemical  analyses  of  food  and  excreta,  the  amounts  of  nitrogen 
which  enter  and  which  leave  the  body,  so  that  intake  may  be  com- 
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pared  with  output  in  a  manner  analogous  to  the  balancing  of  a 
bookkeeping  account. 

We  may  say  that  the  balance  has  been  determined  whenever  the 
quantitative  relation  of  intake  and  output  has  been  ascertained. 
The  body  is  said  to  be  in  equilibrium  when  intake  and  output  are 
.alike.  The  expression  “in  balance"  is  somewhat  ambiguous  be¬ 
cause  one  has  “determined  the  nitrogen  balance"  whenever  the 
intake  and  output  have  been  ascertained  and  regardless  of  whether 
the  data  show  equilibrium  or  not.  Thus  we  meet  the  expression 
“plus  balance”  or  "positive  balance”  when  the  data  show  that  the 
body  is  gaining, — and  “minus”  or  “negative”  balance  when  the 
body  is  losing,- — nitrogen  or  whatever  other  element  may  be  under 
similar  consideration  (as  phosphorus,  calcium,  and  iron  will  be  in 
subsequent  chapters).  The  smallest  intake  which  will  support 
equilibrium,  in  a  series  of  properly  planned  experiments,  should 
indicate  the  body’s  maintenance  requirements  in  the  strict  sense 
of  the  term. 

Using  nitrogen  as  a  practicable  and  sufficiently  accurate  measure 
of  protein,  each  gram  of  nitrogen  corresponds  to  approximately  6.25 
grams  of  protein  inasmuch  as  the  mixed  proteins  of  the  body  and  of 
the  food  contain  on  the  average  16  per  cent  of  nitrogen.  Nitrogen 
balance  experiments,  then,  can  be  made  to  show  the  amount  of 
protein  which  the  food  must  furnish  to  maintain  protein  equilibrium. 


In  1920,  the  available  data  which  appeared  to  be  applicable  to  the 
problem  of  the  normal  adult  requirement  were  studied.  About  one 
hundred  such  cases  were  found,  and  these  gave  a  mean  result  of 
0.634  gram  of  protein  per  kilogram  of  body  weight  per  day  with  no 
significant  difference  per  unit  of  body  weight  between  the  sexes. 

Figured  to  the  conventional  basis  of  a  body  weight  of  70  i;i«_ 


auveiy  small  fraction  of  the  protein  which  it 
no  one  can  be  sure  whether  and  under  what 
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conditions  the  extra  store  of  protein  which  most  of  us  carry  in  our 
bodies  is  advantageous  or  not.  Whether  one  believes  in  high-protein 
or  low-protein  diet  is  still  somewhat  a  matter  of  temperament! 

All  of  the  generally  accepted  dietary  standards  for  protein  lean 
toward  liberality  as  contrasted  with  actually  demonstrated  need. 

A  common  custom  has  been  to  add  fifty  per  cent  to  the  above 
mentioned  average  of  44.4  grams,  thus  arriving  at  a  “standard” 
of  67  grams  per  70  kilograms  of  body  weight  or,  in  round  num¬ 
bers,  one  gram  of  food  protein  per  day  for  each  kilogram  of  body 
weight. 

This  latter  (70  grams  of  protein  per  70  kilograms  of  body 
weight)  is  the  daily  allowance  recommended  for  men  by  the  Food 
and  Nutrition  Board  of  the  National  Research  Council.  The  al¬ 
lowance  for  women  is  a  shade  more  generous,  viz.  60  grams  for  a 
56-kilogram  individual.  As  will  be  seen  from  Table  42  in  the  Ap¬ 
pendix,  both  these  allowances  for  maintenance  provide  about  10 
per  cent  of  the  calories  as  protein  for  persons  of  moderate  physical 
activity. 

Maintenance  Requirement  of  Specific  Amino  Acids 

As  explained  above,  Rose  has  demonstrated  that  eight  amino 
acids  are  essential  for  the  maintenance  of  nitrogen  equilibrium  in 
normal  adult  man.  Quantitative  determinations  of  the  amounts 
specifically  required  of  each  of  these  eight  amino  acids  have  been, 
and  still  are,  in  progress.  In  the  spring  of  1949,  Rose,  stating  that 
“the  results  now  appear  to  be  sufficiently  numerous  and  definite  to 
warrant  positive  conclusions,”  presented  the  values  quoted  in  Table 
7  for  the  minimum  amount  of  each  essential  amino  acid  required 
for  adult  maintenance  when  the  diet  furnishes  sufficient  nitrogen 
for  synthesis  of  non-essentials. 

Rose  suggests  twice  the  minimum  value  as  a  “recommended 
daily  intake,”  and  urges  that  both  values  be  regarded  still  as 

“strictly  tentative.”  s  .  , 

It  will  be  noted  that  the  recommended  intakes  of  the  essential 

amino  acids  total  12.7  grams,  in  comparison  with  the  National 
Research  Council’s  recommended  intake  of  70  grams  total  pro¬ 
tein.  Whether  this  indicates  an  unnecessary  liberality  in  the  latter 
recommendations  or  simply  that  something  like  four-fifths  of  tne 
total  may  be  supplied  by  “non-essential  amino  acids,  is  not  yet 
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clear.  Studies  to  establish  the  minimum  total  nitrogen  required 
for  maintenance  when  the  recommended  intakes  of  the  eight  essen¬ 
tials  are  supplied,  are  awaited  with  interest;  as  are  also  studies  of 
the  extent  (if  any)  to  which  dietary  cystine  may  replace  meth¬ 
ionine,  tyrosine  replace  phenylalanine,  and  so  on. 


Table  7.  Minimum  and  Recommended  Intakes  of  Essential  Amino  Acids  foi  Normal 
Maintenance  in  Man  When  Diet  Furnishes  Sufficient  Nitrogen  for  Synthesis  of 

Non-essentials 

(“Strictly  Tentative  Values”:  W.  C.  Rose  in  Federation  Proceedings) 

Minimum  Recommended 

Subjects 

Daily 

Daily 

Tested 

Amino  Acid 

Requirement 

Intake 

(No.) 

gm. 

gm. 

« 

Tryptophane 

0.25 

0.5 

31 

Phenylalanine 

1.10 

2.2 

22 

Lysine 

0.80 

1  .6 

27 

Threonine 

0.50 

1 .0 

19 

Valine 

0.80 

1  .6 

23 

Methionine 

1.10 

2.2 

13 

Leucine 

1.10 

2.2 

8 

Isoleucine 

0.70 

1  .4 

8 

Recommendations  for  Growth,  Pregnancy,  and  Lactation, 
as  Well  as  for  Maintenance 

To  express  the  protein  intake  in  terms  of  the  proportion  of  the 
total  calories  which  it  supplies  is  rational  as  a  guide  in  gauging 
family  and  population  needs.  It  has  been  much  used  in  the  teach¬ 
ing  of  dietetics  where  the  planning  of  a  dietary  often  begins  with 
the  determination  of  the  total  food  calories  to  be  supplied,  and 
then  adds  that  “about  10  per  cent”  or  “from  10  to  15  per  cent” 
of  the  calories  should  be  in  the  form  of  protein.  The  allowance  of 
10  per  cent  is  held  to  be  ample  by  those  who  follow  Chittenden 
in  his  advocacy  of  “physiological  economy  in  nutrition”  or  who 
particularly  feel  the  need  of  economy  as  to  cost,  while  an  allow¬ 
ance  of  from  10  to  15  per  cent  is  sufficient  to  provide  for  those 
w  ose  scientific  judgments  or  whose  temperaments  lean  toward 
relatively  high  protein  intake. 
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lo  make  the  protein  allowance  a  given  fraction  of  the  total 
calories  is  also  rational  from  the  point  of  view  that  the  relatively 
high  food  requirement  of  children  applies  about  equally  to  their 
energy  and  their  protein  needs.  And  furthermore  the  reduction  of 
total  food  calories  in  the  dietaries  of  elderly  people  may  well  be 
paralleled  by  a  proportionate  decrease  of  protein. 

In  the  recommendations  of  the  National  Research  Council’s 
Food  and  Nutrition  Board,  this  plan,  while  not  professed,  is  essen¬ 
tially  followed,  the  allowances  for  children  ranging  between  10.5 
and  13.3  per  cent  of  the  calories  as  protein. 

Muscular  work  supported  by  an  ample  intake  of  food  calories 
does  not  necessarily  increase  the  amount  of  protein  metabolized. 
In  other  words,  the  extra  calories  for  the  work  could  be  supplied 
by  increased  carbohydrate  (or  carbohydrate  and  fat)  without  in¬ 
crease  of  protein.  But  usually  it  appears  more  practical,  and  is 
found  more  acceptable,  to  provide  for  the  increased  muscular  ac¬ 
tivity  by  simply  increasing  the  amount  of  food  of  the  accustomed 
kind. 

Remembering,  then,  that  it  is  not  to  be  taken  as  implying  that 
the  need  for  protein  varies  with  muscular  activity,  we  may  accept 
as  a  good  guide  for  the  planning  or  judgment  of  family  dietaries 
or  population  food  supply  that  we  look  first  to  the  adequacy  of 
the  total  food  calories,  and  then  to  see  that  about  ten  or  ten  to 
fifteen  per  cent  of  the  calories  are  in  the  form  of  protein. 

In  pregnancy  and  lactation,  however,  the  need  for  protein  is  in¬ 
creased  somewhat  independently  of  the  energy  need,  and  probably 
to  a  larger  extent. 

Also  there  are  occasions  when  one  may  wish  to  think  of  protein 
requirements  directly  “in  their  own  right”  as  in  the  following 
recommendations : 

In  addition  to  those  already  cited  (70  grams  for  men  and  60 
for  maintenance  in  women,  each  irrespective  of  muscular  activity), 
the  National  Research  Council’s  Recommended  Daily  Allowances 
for  protein  include  the  following: 

For  women  in  the  latter  half  of  pregnancy,  85;  and  in  lactation, 
100  grams  of  protein  per  day. 

For  children  under  one  year  of  age,  3.5  grams  per  kilogram  of 
body  weight  per  day; 
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1-3  years,  40  grams  per  day; 

4-6  years,  50  grams; 

7-9  years,  60  grams; 

10-12  years,  70  grams. 

For  girls,  13-15  years,  80  grams; 

“  “  16-20  “  ,  75  grams; 

“  boys,  13-15  “  ,  85  grams; 

“  “  16-20  “  ,100  grams; 

These  recommended  allowances  are  not  to  be  interpreted  too 
literally  and  rigidly,  but  as  general  guides  which  imply  that  more 
protein  may  be  needed  during  bodily  development  than  after  it 
has  been  completed ;  and  that  the  high  point  of  body-building  need 
will  usually  be  passed  at  an  earlier  chronological  age  in  girls  than 
in  boys. 


To  What  Extent  does  Food  Selection  Influence  the  Nutritive 
Efficiency  of  the  Protein  Mixture  which  the  Dietary  Affords? 


The  problem  of  this  chapter  being  how  to  meet  the  need  for 
protein,  its  text  may  now  be  concluded  with  a  brief  further  con¬ 
sideration  of  the  practical  effect  of  differences  in  food  selection. 


As  already  mentioned,  the  natural  mixtures  of  proteins  which 
staple  articles  of  food  contain  do  not  differ  nearly  so  much  in 
amino-acid  make-up  and  resulting  nutritive  value  as  do  the  in¬ 
dividual  pioteins  when  separated  and  examined  as  isolated  sub¬ 
stances.  And  a  still  further  evening-up  usually  results  from  the 

presence  of  different  natural  foods  in  a  dietary  or  in  a  community 
food  supply. 


These  principles  may  be  illustrated  by  the  following  facts  re¬ 
garding  the  proteins  of  wheat  and  of  milk :  4 

Osborne  and  Mendel,  isolating  from  ordinary  white  flour  its 
most  abundant  individual  protein,  gliadin,  and  feeding  this  alone, 
found  it  of  relatively  low  nutritive  efficiency, -“partially  incom- 
plete  in  the  sense  explained  above. 

floIrhmat°,fOUnd;  h°WeVer’  tha‘  °ther  prWeins  in  this  sa™  white 
ghadin  a£T  “  m‘XtUre  than  the 


wheatrtiseormruchthheyhf°Und  ^  ““  P™tei"  »*»«  of  whole 
much  higher  nutritive  value  than  that  of  white  flour. 
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1  hey  were  able  to  make  fairly  satisfactory  dietaries  with  whole 
wheat  as  the  sole  source  of  protein. 

And  finally,  they  and  others  found  that  the  feeding  of  milk  to¬ 
gether  with  whole  wheat  gives  a  still  higher  nutritive  efficiency  to 
the  protein  mixture  of  the  dietary. 


Table  8.  Protein  Contents  of  Edible  Portion  of  Typical  Foods 
(U.  S.  Dept.  Agriculture) 


Food 

Protein 

Per  Cent 

Food 

Protein 
Per  Cent 

Almonds 

18.6 

Eggs 

12.8 

Apples,  fresh 

0.3 

Kale 

3.9 

Apricots,  dried 

5.2 

Milk 

3.5 

Bacon,  medium  fat, 

Oatmeal 

14.2 

uncooked 

9.1 

Oranges 

0.9 

Beans,  dried 

21 .4 

Oysters  (solids  and  liquor) 

6.0 

Beef,  round,  lean 

19.5 

Peanuts,  roasted 

26.9 

Bread,  white 

8.5 

Potatoes 

2.0 

whole  wheat 

9.3 

Rice,  white 

7.6 

Cantaloupe 

0.6 

Salmon,  canned 

20.2 

Carrots 

1.2 

Sweetpotatoes 

1 .8 

Cauliflower 

2.4 

Tomatoes 

1 .0 

Cheese,  Cheddar  type 

25.0 

Turnip  greens 

2.9 

It  is  to  be  remembered  that  a  given  protein  may  appear  “com¬ 
plete”  or  “partially  incomplete”  according  to  the  level  at  which 
(proportion  in  which)  it  is  fed.  In  such  case  the  particular  amino 
acid  which  first  restricts  growth  is  called  the  “limiting  factor.”  For 
example:  lysine  in  wheat  and  its  products;  methionine  (or  cystine) 
in  meat  and  in  milk,  is  under  ordinary  conditions  the  limiting  fac¬ 
tor,  respectively.  In  Chapter  XIX  we  shall  meet  instances  in  which 
the  differing  limiting  factors  in  the  natural  protein  mixtures  of 
different  foods  have  practical  bearings  upon  the  desirable  place  of 
each  food  in  the  diet.  Thus  because  of  their  different  limiting  amino 
acids,  the  natural  protein  mixtures  of  wheat  and  soybeans  supple¬ 
ment  each  other,  and  because  of  this  supplementation  the  nutritive 
value  of  these  two  foods  eaten  together  is  higher  than  the  weighted 

average  of  the  two  taken  separately. 

So  important  are  the  supplementary  relationships  among  pro¬ 
teins  in  ensuring  good  nutritive  value  of  the  protein  mixture  o 
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typical  well-balanced  dietaries,  that  it  does  not  seem  essential  here 
to  enter  into  the  discussion  of  the  complicated  attempts  to  set  up 
methods  for  measuring  and  expressing  the  more  abstruse  of  the  so- 
called  biological  values,  concerning  the  significance  of  which  there 
is  not  yet  a  clear  consensus  of  expert  opinion. 

As  summarized  by  Nutrition  Reviews  of  July  1944,  it  is  “gratify¬ 
ing  to  learn  from  several  recent  reports  that  corn  germ,  which 
constitutes  about  7  per  cent  of  the  corn  kernel,  contains  20  per  cent 
of  protein  of  surprisingly  high  quality.”  Also,  “wheat  germ  has  an 
amino  acid  composition  similar  to  corn  germ,  and  is  presumably 
of  similar  high  biologic  value.” 

The  Bureau  of  Human  Nutrition  and  Home  Economics  has  pub¬ 
lished  a  leaflet  entitled,  “Cooking  with  Soya  Flour  and  Grits,” 
which  emphasizes  the  nutritive  value  and  practicability  of  soybean 
products  in  the  American  food  supply.  Its  great  importance  in  the 
Orient  has,  of  course,  long  been  recognized. 

In  Table  8,  typical  foods  of  widely  different  types  are  listed  in 
simply  alphabetical  sequence  and  their  protein  content  given  in 
percentage  of  the  edible  portion  of  the  food,  moist  or  dry  accord¬ 
ing  to  the  condition  in  which  it  is  usually  sold.  Analogous  tables 
in  other  chapters  may  be  arranged  in  different  sequence  or  ex¬ 
pressed  on  different  bases,  to  give  the  reader  practice  in  comparing 
foods  from  different  points  of  view. 


EXERCISES 

1.  Feed  parallel  groups  of  young  rats,  starting  at  3  to  4  weeks  of 
age:  {a)  A  mixture  of  90  parts  white  flour,  9  parts  butter,  and  1  part 
table  salt;  (b)  A  mixture  of  60  parts  white  flour,  30  parts  milk  powder, 
parts  butter,  and  1  part  of  the  same  table  salt.  While  the  introduction 
of  the  milk  will  have  enriched  the  diet  in  certain  mineral  elements  and 
vitamins  as  well,  the  difference  in  growth  during  the  first  three  or  four 
weeks  of  this  experiment  may  be  attributed  chiefly  to  the  milk  proteins, 
n  I  v1S  C.xP™ent  may  111611  be  continued  to  see  what  evidences  of 

Of  "ent1h^sTPear  kter  and  ‘°  interpret  them  in  the  Ught 

-J:  P“dPara,llCl  frouP*  of  .young  rats,  starting  at  3  to  4  weeks  of 
»me  k;J  ^  moIS*ened  with  its  weight  of  milk;  ( b )  Bread  of  the 

spr  ad  Tith  T  b  n  PCr  “nt  SOlUti°n  °f  milk  su?ar  and 

P  ad  with  as  much  butter  as  corresponds  to  the  milk  used  in  (a) 

LmiseC°how  do "e  f°Un,d.diff-  **  found  in  the  preceding 
rcise’  how  you  explain  the  difference?  5 
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3.  Plan  experiments  making  use,  if  circumstances  permit,  of  so- 
called  “synthetic”  diets  (mixtures  of  artificially  purified  substances) 
between  which  the  sole  difference  shall  be:  (1)  an  individual  protein, 
e.g.,  casein;  (2)  an  individual  amino  acid,  e.g.,  lysine. 

4.  If  facilities  are  available,  carry  out  the  experiments  described  in 
Exercises  1  and  2  and  those  planned  in  Exercise  3,  continuing  them 
as  long  as  time  permits,  with  daily  feeding,  watering,  and  casual  in¬ 
spection  of  the  animals;  and  at  least  weekly  weighings  and  careful 
physical  examination. 

In  addition  to  the  promptly-developing  differences  in  growth,  at¬ 
tributable  to  the  protein  (amino  acid)  factors  discussed  in  the  fore¬ 
going  chapter,  it  is  possible  that  a  long-continued  comparison  would 
develop  other  effects  which,  after  your  study  of  the  chapters  which 
follow,  you  might  be  able  to  attribute  to  some  mineral  or  vitamin 
factor. 
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MINERAL  ELEMENTS  AND 
REGULATORY  PROCESSES 
IN  NUTRITION 


The  Mineral  Elements 


In  preceding  chapters  we  have  discussed  the  composition  and 
nutritive  functions  of  foods  principally  in  terms  of  the  organic 
nutrients:  carbohydrates,  fats,  and  proteins.  This  has  involved 
consideration  of  the  elements  carbon,  hydrogen,  oxygen,  and  nitro¬ 
gen,  which,  as  Table  9  shows,  are  the  elements  most  prominent  in 
the  body’s  structure.  In  this  chapter  we  shall  be  concerned  with  the 
other  chemical  elements  regularly  found  in  the  body  which,  al¬ 
though  most  of  them  are  present  there  in  much  smaller  quantities 
than  the  four  elements  just  referred  to,  are  nevertheless  essential  to 
its  normal  functioning. 


These  other  elements  are  commonly  designated  as  the  mineral 
elements  or  the  inorganic  foodstuffs.  But  the  use  of  such  terms  should 
not  be  understood  to  imply  that  these  elements  necessarily  occur 
and  function  exclusively  as  inorganic  or  mineral  compounds.  For 

eXTu  J ht  m°St  Prominent  compounds  of  sulfur  in  the  food  and 
in  the  body  are  the  amino  acids  cystine  and  methionine  which  have 
already  been  considered  as  constituents  of  the  proteins.  Yet 

entirH^  SU  fUr  tHUS  en‘erS’  and  functions  in>  ‘he  body  almost 
entirely  as  organic  compounds  it  is,  in  the  normal  oxidation 

cPom'®H°  'ue  body:  ultimately  converted  into  the  inorganic 

important  facU,  nC,hCld  ■"  ^  '°n'  a"d  aS  Such  ^omes  a" 
important  lactor  in  the  mineral  metabolism. 
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Which  Mineral  Elements  are  Essential? 

It  cannot  be  stated  with  certainty  exactly  how  many  of  the 
mineral  elements  found  in  the  body  are  indispensable  to  its  normal 
structure  or  functioning;  and  how  many  are  present  merely 
through  accidental  introduction  from  the  environment.  All  eleven 
mineral  elements  for  which  figures  are  given  in  Table  9  and  also 
cobalt  and  zinc  are  now  definitely  regarded  as  essential. 


Table  9.  Estimated  Approximate  Elementary  Composition  of  the  Adult  Human  Body 


Element 

Percentage 

Oxygen 

65. 

Carbon 

18. 

Hydrogen 

10. 

Nitrogen 

3. 

Calcium 

2.2“ 

Phosphorus 

1 .2b 

Potassium 

0.35 

Sulfur 

0.25 

Chlorine 

0.15 

Sodium 

0.15 

Magnesium 

0.05 

Iron 

0.004 

Manganese 

0.0003 

Copper 

0.00015 

Iodine 

0.00004 

Cobalt 

Zinc 

Others  of  more  doubtful  status 

a  Estimates  vary  widely. 

i>  Percentage  varies  with  that  of  calcium. 

c  Quantitative  data  seem  insufficient  for  numerical  expression  here. 


With  regard  to  the  question  whether  other  elements  are  essential 
it  seems  clear  that  any  diet  which  is  adequate  in  the  unquestioned 
essentials  will  almost  certainly  provide  the  traces  at  most  that  may 
be  required  of  mineral  elements  whose  importance  is  still  unknown. 
And  from  this  fact  it  follows  that  any  element  needed  only  in  such 
small  amounts  that  the  need  of  it  is  still  in  doubt  is  un  1  e  y 
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an  actual  limiting  factor  in  nutrition,  either  in  nature  or  in  civilized 
life;  so  that  from  the  functional  viewpoint  of  present-day  science 
the  elements  to  which  we  give  attention  in  nutritional  study  for 
practical  reasons  are  also  undoubtedly  the  ones  of  really  major 
scientific  significance. 


in 


How  do  They  Function? 

The  elements  concerned  in  the  mineral  metabolism  may  exist 
the  body  and  take  part  in  its  functions  in  at  least  three  kinds  of 


ways : 

( 1 )  As  constituents  of  the  mineral  matter  of  the  bones  and  teeth, 
giving  these  structures  their  strength,  rigidity,  and  relative  perma¬ 
nence  ; 

(2)  As  structural  constituents  of  the  soft  tissues  also,  as  illus¬ 
trated  by  the  fact  that  all  the  known  tissue  proteins  contain  sulfur, 
several  of  them  as  well  as  some  other  substances  essential  to  cell 
structure  contain  phosphorus,  and  the  outstandingly  important 
hemoglobin  of  the  red  blood  cells  contains  iron ; 

(3)  As  constituents  of  substances  concerned  in  regulatory  func¬ 
tions,  as,  for  example,  the  salts  held  in  solution  in  the  body  fluids 
and  important  in  giving  these  their  characteristic  influence  upon 
the  functional  capacities  of  muscle  and  nerve,  their  osmotic  pres¬ 
sure,  their  solvent  properties  and  consequent  ability  to  transport 
the  nutrients  and  their  metabolites,  and  the  property  of  supplying 
the  material  for  the  acidity  or  alkalinity  of  digestive  juices  while 
at  the  same  time  maintaining  approximate  neutrality  in  the  blood 
and  body  tissues. 

Varied  as  they  are,  these  functions  are  interrelated  at  many 
points;  and  several  of  the  socalled  mineral  elements  take  part  in 
more  than  one  of  these  three  types  of  function. 

Calcium  and  phosphorus  function  importantly  in  all  three  ways 
and  the  preponderance  of  calcium  phosphate  in  bone  and  tooth 
mineral  makes  them  elements  which  the  body  needs  in  relatively 
large  amounts.  The  next  chapter  will  be  devoted  to  them 

Jr0n’  Whlle  occurring  in  much  smaller  amounts  than  calcium  and 
phosphom.,  ,s  nevertheless  a  real  problem  in  nutrition,  in  the  sense 
tha  if  it  is  left  to  chance  one  does  not  always  get  enough  especially 
under  our  present-day  conditions  of  living  so  largely  upon  artificially 
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refined  food.  Inasmuch  as  the  iron  which  enters  into  nutritional 
processes  goes  mainly  to  form  hemoglobin,  and  copper  has  been 
found  to  play  an  essential  role  in  the  transformation  of  iron  into 
hemoglobin,  these  two  elements  are  discussed  together  in  Chapter 
IX. 


Iodine  is  an  element  which  in  certain  regions  is  not  sufficiently 
abundant  to  be  safely  left  to  chance,  especially  now  that  people 
commonly  use  such  highly  refined  table  salt.  Here  we  meet  a  very 
special  kind  of  nutritional  problem,  which  seems  best  treated  by  it¬ 
self  in  Chapter  X. 

Chlorine,  in  the  form  of  its  salts,  the  chlorides,  plays  a  very  im¬ 
portant  part  in  the  maintenance  of  normal  conditions  in  the  body. 
That  we  do  not  (and  need  not)  take  account  of  chloride  content  in 
our  ordinary  judgments  and  studies  of  food  values  is  due  to  our 
practice  of  adding  so  much  sodium  chloride  (as  common  salt)  to 
food  in  its  preservation,  in  its  preparation,  and  at  the  table. 

The  chlorides  are  among  the  most  important  of  the  body’s  electro¬ 
lytes.  These  are  substances  which  in  water  solution  exist  as  electri¬ 
cally  charged  particles  called  ions.  They  function  very'  significantly 
as  regulators  of  body  processes,  both  collectively,  for  example,  in 
the  control  of  the  osmotic  pressure  of  body  fluids  and  hence  of  the 
passage  of  water  into  and  out  of  the  tissues,  and  specifically,  as  in 
their  effect  on  the  irritability  of  muscles  and  nerves,  to  be  discussed 


below. 

Sodium  chloride,  being  by  far  the  largest  constituent  of  the 
mineral  matter  of  the  blood,  assumes  special  significance  in  the 


regulation  of  water  exchanges  in  the  organism.  And,  as  Cannon 
emphasized  repeatedly,  these  latter  are  more  extensive  and  more 
important  than  may  at  first  thought  appear.  He  points  out  that 
“there  are  a  number  of  circulations  of  the  fluid  out  of  the  body  and 
back  again,  without  loss.”  Thus,  for  example,  it  is  estimated  that 
from  a  quart  to  a  quart  and  one-half  of  water  daily  leaves  the 
body”  when  it  enters  the  mouth  as  saliva;  another  one  or  two 
quarts  are  passed  out  as  gastric,  juice;  and  perhaps  a  similar 
amount  is  contained  in  the  bile  and  the  secretions  of  the  pancreas 
and  the  intestinal  wall.  This  large  volume  of  water  enters  the  di¬ 
gestive  processes;  and  practically  all  of  it  is  reabsorbed  through 
the  intestinal  wall  where  it  performs  the  equally  important  func¬ 
tion  of  carrying-in  the  digested  foodstuffs.  These  and  other  in¬ 
stances  of  what  Cannon  calls  “the  conservative  use  of  water 
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bodies”  involve  essentially  osmotic  pressure  relationships  in  which 
the  concentration  of  sodium  chloride  plays  an  important  part. 

Under  our  ordinary  conditions  of  everyday  living  the  body  is 
apt  to  receive  and  excrete  several  grams  of  sodium  chloride  per 
day,  the  amount  varying  with  individual  taste  as  to  salting  of  food 
at  the  table  and  usually  ranging  considerably  higher  than  is  needed 
for  maintenance  of  approximate  equilibrium.  In  fasting,  or  on  a 
salt-free  diet,  chloride  output  at  first  reflects  to  some  extent  the 
level  of  exchange  of  previous  days,  but  rapidly  falls  to  less  than  a 
gram  per  day.  This  fact,  together  with  some  reasons  of  a  more 


Fig.  19.  Growth  of  male  rats  on  a  wheat-and-milk  diet  with  different  amounts 
of  added  table  salt.  Up  to  4  per  cent  of  salt  in  the  dry  food  mixture  (the 
curves  for  those  receiving  1  and  2  per  cent  being  here  omitted  to  save  space) 
there  was  no  appreciable  effect.  At  8  per  cent  there  are  somewhat  variable 
indications,  and  at  10  per  cent  a  distinct  indication  of  unfavorable  effect. 


medical  kind,  leads  some  physiologists  and  physicians  to  believe 

that  a  more  moderate  use  of  salt  than  the  present-day  liberal  aver- 
age  may  be  better. 

On  the  other  hand,  people  engaged  in  occupations  which  induce 
profuse  sweating  may  thereby  excrete  so  much  salt  through  the 

food  or  drink  (*emp0,*,ily>  at  kast>  »  increased  intake  in 

saflhuardhtehe  salt  .’c“?tificany  sound  possibilities  of  occasions  to 

S°metlmeS  against  to°  much>  and  s°™- 
fnnrl  “  Sn  J  lU  e'  But  most  PeoPle  at  most  times  may  eat  their 
food  salted  to  taste”  without  anxiety  in  either  direction;  for  the 
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healthy  body  has  power  to  adjust  chloride  output  to  chloride  in¬ 
take  throughout  a  wide  range  (Fig.  19). 

Potassium  is  especially  prominent  inside  the  cells  of  the  blood 
and  soft  tissues,  while  sodium  predominates  in  the  blood  plasma 
and  other  inter-cellular  fluids.  And  similarly  (although  their  con¬ 
centrations  are  much  lower  than  those  of  sodium  and  potassium), 
magnesium  is  largely  localized  within  the  cells,  while  calcium  is 
relatively  more  abundant  in  the  fluids  bathing  the  cells. 

However,  the  body  fluids  contain  some  of  all  four  of  these  ele¬ 
ments,  and  upon  the  balance  between  them  depends  largely  the 
characteristic  influence  of  these  fluids  upon  the  elasticity  and  ir¬ 
ritability  of  muscle  and  nerve.  The  experiments  of  Howell,  Loeb, 
and  others  on  the  heart  afford  a  classic  illustration  of  the  individual 
and  joint  regulatory  effects  of  various  salts  and  their  ions  upon 
muscle  tissue.  It  is  well  known  that  heart  muscle  may  be  kept  beat¬ 
ing  normally  for  hours  after  removal  from  the  body  when  supplied, 
under  proper  conditions,  with  an  artificial  circulation  of  blood  or 
lymph  or  a  water  solution  of  blood  ash.  The  sodium  salts,  being 
most  abundant,  take  the  chief  part  in  the  maintenance  of  normal 
osmotic  pressure,  which  is  one  requisite  for  the  continued  life  of  the 
heart  tissue.  Aside  from  this  property,  sodium  salts  have  a  specific 


influence.  Contractility  and  irritability  disappear  if  sodium  salts  are 
absent,  but  when  present  alone  they  produce  relaxation  of  the 
muscle  tissue.  Calcium  salts  also,  although  occurring  in  blood  in 
very  much  smaller  quantity,  are  absolutely  necessary  to  the  normal 
action  of  the  heart  muscle;  while,  if  present  in  concentrations  above 
normal,  they  cause  a  condition  of  tonic  contraction,  or  calcium 
rig0r” — in  sharp  contrast  to  the  relaxation  induced  by  sodium 
salts.  Potassium  salts,  in  the  small  quantities  normally  present, 
promote  relaxation,  through  this  effect  tending  to  diminish  the 
rate  of  heart  beat;  and  in  higher  concentration  cause  a  state  of 
extreme  relaxation  known  as  “potassium  inhibition. 

Thus  it  is  found  that  the  alternate  contractions  and  relaxations 
which  constitute  the  normal  beating  of  the  heart  depend  upon  a 
balance  between  calcium  salts  on  the  one  hand  and  sodium  a" 
potassium  salts  on  the  other.  Other  active  tissues  of  the  body  doubt¬ 
less  have  analogous  requirements  as  to  inorganic  salts. 

In  addition  to  the  case  just  discussed,  several  other  instances  o 
socalled  ionic  antagonism  might  be  cited,  for  example  cdaum -  m 
is  in  some  measure  antagonistic  to  magnes.um  ion.  Thus,  magnesium 
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salts  when  administered  in  abnormally  large  quantities  show  a 
soporific  and  hypnotic  action,  which  effect  can  be  counteracted  by 
the  administration  of  calcium  salts.  Also  the  addition  of  magnesium 
to  an  otherwise  well-balanced  ration  tends  to  cause  a  loss  of  cal¬ 
cium  from  the  body.  And,  conversely,  experimental  magnesium 
deficiency  results  in  an  abnormal  accumulation  of  calcium  in  the 
soft  tissues. 

Similarly,  a  high  intake  of  potassium  salts  increases  the  excretion 
of  sodium  salts.  Since  most  vegetable  foods  are  relatively  rich  in 
potassium,  Bunge  suggested  that  this  fact  may  afford  an  explana¬ 
tion  of  the  craving  for  common  salt  which  man  shares  with  the 
herbivorous  animals. 

Some  of  the  mineral  elements  have  individual  and  specific  func¬ 
tions  in  addition  to  their  cooperative  activities  already  indicated. 
For  example,  the  presence  of  the  calcium  salts  is  absolutely  essential 
to  the  clotting  of  blood,  while  magnesium  salts  enhance  the  ac¬ 
tivity  of  the  enzymes  known  as  phosphatases  and  assist  at  certain 
stages  in  the  metabolism  of  carbohydrates. 

The  prominence  of  calcium  and  phosphorus  in  bone  has  already 
been  mentioned.  Small  amounts  of  magnesium  and  sodium  appear 
likewise  to  be  constituents  of  the  skeletal  structures. 

Manganese,  cobalt,  and  zinc  are  now  generally  accepted  as  nu¬ 
tritionally  essential  elements. 

Besides  occurring  in  the  amino  acids  cystine  and  methionine, 
sulfu)  is  a  component  of  at  least  two  other  nutritionally  important 
food  substances,  thiamine  and  biotin,  which  will  be  considered  in 
later  chapters.  The  sulfur  consumed  in  these  and  other  organic 
constituents  of  the  diet  is  practically  all  converted  in  the  metabolic 
breakdown  processes  to  sulfuric  acid,  which  must  be  excreted 
chiefly  as  neutral  inorganic  sulfates  and  so,  as  we  shall  see,  presents 
a  major  problem  in  the  acid-base  economy. 


hus,  in  the  case  of  sulfur,  what  entered  the  body  as  a  neutral  ele 
ment  has  become  a  strong  “fixed  acid”  through  the  normal  oxidatior 
process  of  our  metabolism.  Even  a  moderate  protein  intake  results  ir 
he  formation  of  around  two  grams  of  sulfuric  acid  (sulfate  ion)  ir 

orod^  C-Wry  day'-Wh’le  tb<'  wcight  of  carbonic  simultaneously 
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Organic  Acids 


Except  for  the  discussion  of  fatty  acids  in  connection  with  fats 
and  lipoids,  the  organic  acids  which  occur  in  foods,  and  some  of 
which  also  occur  to  an  important  extent  in  the  body,  were  only 
very  briefly  mentioned  in  Chapter  II.  It  seems  more  advantageous 
to  consider  them  at  the  present  point  because  of  their  interrelations 
with  the  mineral  metabolism,  and  particularly  the  part  that  some 
of  them  play  in  the  phenomena  of  acid-base  balance  or  the  mainte¬ 
nance  of  the  body’s  essential  neutrality. 

Perhaps  we  should  first  define  the  categories  of  acids  with  which 
the  body  has  to  deal  from  this  point  of  view.  Organic  chemistry  is, 
in  the  main,  the  same  as  the  chemistry  of  carbon  compounds;  but 
we  do  not  ordinarily  consider  carbonic  acid  as  an  organic  acid. 
By  organic  acid  (or  organic  acid  radicle)  we  mean  one  which  con¬ 
tains  carbon  and  which  can  be  burned.  But  of  those  which  burn 
readily  when  heated  in  air,  some  do  and  some  do  not  undergo 
ready  and  fairly  complete  oxidation  in  the  body;  and  this  distinc¬ 
tion  has  an  important  bearing  upon  the  problem  of  acid-base 
balance  in  foods  and  nutrition. 

The  present  writers  consider  it  an  open  question  whether  study 
of  acid-base  balance — as  in  the  small-type  section  beginning  on 
the  next  page — belongs  strictly  to  the  Essentials  of  Nutrition,  or 
not.  Those  who  do  study  it  will  do  well  to  bear  in  mind  four  cate¬ 
gories  of  acids:  (1)  organic  acids  readily  oxidizable  in  the  body, 
(2)  organic  acids  not  readily  oxidizable  in  the  body;  (3)  caibonic 
acid,  “mineral”  but  “weak”  and  readily  volatilized  through  the 
lungs;  (4)  fixed  mineral  acids,  presenting  a  quite  different  elimina¬ 
tion-problem  from  carbonic  acid. 

Before  proceeding  to  the  phenomena  of  acid-base  balance,  some 
of  the  organic  acids  deserve  a  few  words  on  their  own  merits  as 


nutrients.  •  n  , 

Although  the  three  major  organic  foodstuffs  are  practically 

neutral,  certain  foods  as  they  are  eaten  are  frankly  acid,  owing  to 
the  presence  of  substantial  amounts  of  organic  acids,  such  as  citric, 

malic,  lactic,  and  tartaric.  , 

Of  these,  citric  and  malic  acids  are  the  most  widely  distributed, 

one  or  both  of  them  occurring  in  appreciable  concentration  in 
practically  all  vegetables,  and  still  more  abundantly  in  fruits.  Mil ' 
also  contains  citric  acid  to  the  extent  of  about  1 .5  grams  per  liter. 
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The  body  seems  able  to  burn  as  fuel  practically  all  of  the  citric 
acid  any  diet  is  likely  to  contain,  forming  carbon  dioxide  and  water 
to  be  disposed  of  along  with  the  same  products  from  the  metabolism 
of  other  organic  foodstuffs.  Less  is  known  of  the  fate  of  malic  acid 
in  the  human  body;  but  it  is  believed  to  be  quite  readily  utilized. 

So  far  as  is  known,  tartaric  acid  occurs  abundantly  only  in 
grapes.  When  these  are  eaten,  the  tartrates  which  they  contain 
appear  to  be  largely  broken  down  by  the  bacteria  in  the  digestive 
tract.  It  is  said  that  only  a  small  fraction,  if  any,  of  the  tartaric  acid 
is  absorbed  from  the  intestines;  and  that  the  body  tissues  have  al¬ 
most  no  ability  to  destroy  the  tartrate  which  does  reach  them. 
Whether,  and  to  what  extent,  the  eating  of  grapes  presents  the 
body  with  a  problem  of  acid  disposal  will  thus  depend  upon  the 
degree  to  which  the  tartrate  radicles  are  absorbed;  and  this  ap¬ 
parently  differs  largely  among  individuals. 

Lactic  acid  is  prominent  in  buttermilk  and  in  sauerkraut  and 
certain  other  fermented  foods. 


Acetic  acid  is  found  in  vinegar,  and  in  pickles  and  other  foods 
prepared  with  it. 

A  substance  known  as  quinic  acid  is  present  (along  with  other 
organic  acids)  in  plums,  prunes,  and  cranberries.  The  body  can¬ 
not  carry  the  breakdown  of  this  substance  completely  to  carbon 
dioxide  and  water,  but  another  organic  acid,  hippuric  acid,  is  the 
end-product. 

Oxalic  acid  occurs  in  small  amounts  in  many  fruits  and  vege¬ 
tables,  and  to  an  important  extent  in  spinach,  New  Zealand  spin¬ 
ach,  Swiss  chard,  beet  tops,  lambsquarters,  poke,  purslane,  and 
rhubarb.  However,  the  nutritional  significance  of  this  organic  acid 
is  not  primarily  one  of  acid-base  effect  but  attaches  rather  to  its 
property  of  combining  with  dietary  calcium  to  form  an  insoluble 
salt  which  the  body  cannot  absorb  and  so  cannot  utilize.  The  ef¬ 
fective  loss  of  food  calcium  brought  about  by  certain  oxalate-rich 
\  egetables  will  be  again  considered  in  the  next  chapter,  as  logically 
influencing  our  selection  of  foods. 


Acid-Base  Balance  in  the  Body 

thtTdU0sTen, rC°ndit-°n  °f  thC  b'00d’  and’  50  far  as  know,  of 

nor  a  stroSw  a  lalin  V<!ry  *  Y  T**  Neither  3  distinCtlV  acid 
ngly  alkaline  condition  of  the  blood,  or  of  the  system 
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generally,  is  eompatihle  with  health  or  even  with  life.  The  main¬ 
tenance  of  the  normal  condition  of  approximate  neutrality  is  what 
one  usually  has  in  mind  when  one  speaks  of  the  problem  or  the 
phenomena  of  acid-base  balance  in  the  body. 

Acidosis  is  a  technical  term  in  medicine,  now  used  in  a  very 
special  and  restricted  sense.  It  designates  that  condition  in  which 
the  oxidation  of  fatty  acids  in  the  body,  instead  of  proceeding  com¬ 
pletely  to  carbon  dioxide  and  water,  halts  at  an  intermediate  stage 
with  the  formation  of  acetone,  aceto-acetic  acid,  and  beta-hydroxy- 
butyric  acid  as  end-products.  Any  discussion  of  this  highly  special 
problem  of  acidosis  belongs  to  medicine  and  not  to  the  normal  nutri¬ 
tional  problem  or  phenomenon  of  acid-base  balance. 

Acid-base  balance  in  normal  nutrition  has  to  do  with  the  dis¬ 
posal  of  the  acid-forming  and  base-forming  elements  in  such  man¬ 
ner  as  to  maintain  a  general  condition  of  approximate  neutrality  with¬ 
in  the  body.  The  more  precise  definition,  the  limits  of  variation,  and  an 
explanation  of  the  “chemical  mechanism”  by  which  the  nearly  con¬ 
stant  condition  of  approximate  neutrality  is  maintained,  are  necessarily 
somewhat  technical  and  involve  a  more  chemical  approach  than  that 
of  the  present  text. 

Carbohydrates  and  fats  when  normally  oxidized  in  the  body  yield 
carbon  dixoide  which  is  eliminated  through  the  lungs  by  a  physio- 
chemical  process  of  marvelous  efficiency  and  great  theoretical  interest 
to  the  chemistry  of  general  physiology;  but  which  from  the  viewpoint 
of  our  present  study  may  be  said  to  be  so  nearly  automatic  as  not  to 
constitute  a  responsibility  of  nutrition  in  the  ordinary  sense. 

Proteins  of  course  yield  carbon  dioxide  too;  but  the  more  distinctive 
end-products  of  their  metabolism  are  the  nitrogen  compounds,  from 
all  the  amino  acids,  and  the  sulfuric  acid  (sulfate  ions)  from  those 
which  contain  sulfur.  It  is  the  formation  of  a  considerable  amount  of 
such  a  strong,  fixed  (non-volatile),  acid  as  sulfuric,  from  the  previously 
neutral  sulfur  of  food  protein,  which  makes  some  students  of  nutrition 


(including  some,  but  probably  not  most,  physicians)  feel  that  there  is 
an  acid-base  problem  which  lies  within  the  distinctly  nutritional  i<- 


sponsibility  of  food  selection. 

In  this  sense,  it  is  a  problem  involving  both  the  proteins  and  th< 

salts  or  ash  constituents  of  the  food. 

Some  of  the  proteins  contain  phosphorus  and  thus  yield  phosphoric, 
as  well  as  sulfuric,  acid  in  metabolism;  while  many  foods  contain 
•  -c _ i.  _ fircrarnV  comDOunds  ol  phosphoius  and 


Chlorine  completes 
which  enter  in  signil 


ificant  amounts  into  the  problem;  but  here  the 
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acid  radicle  is  entirely  pre-formed  in  the  food  and  as  it  enters  the 
body  is  usually  accompanied  by  its  full  equivalent  of  base. 

To  balance  the  (fixed-)  “acid-forming”  elements  (sulfur,  phos¬ 
phorus,  and  chlorine)  the  food  furnishes  significant  (though  quite  var¬ 
iable)  amounts  of  four  “base-forming”  elements:  sodium,  potassium, 
calcium,  and  magnesium.  Also  we  find  that  a  variable  proportion  of 
the  nitrogen  from  protein  metabolism  leaves  the  body  as  ammonium 
salts  of  fixed  acids  (often  called  “ammonia”),  indicating  that  a  part 
of  the  “waste”  nitrogen  from  protein  metabolism  may  on  occasion  help 
out  the  base-forming  elements  in  the  maintenance  of  body  neutrality. 
Most  of  the  nitrogen,  however,  is  excreted  as  the  essentially  neutral 
substance,  urea. 

In  normal  nutrition  the  “problem”  of  acid-base  balance  is  chiefly 
that  of  elimination  of  surplus  fixed  acid,  especially  that  formed  from 
the  oxidation  of  the  sulfur  of  the  food  protein.  This  surplus  fixed  acid 
is  taken  care  of  chiefly  in  two  ways:  (1)  by  elimination  of  nitrogen  as 
ammonium  salt  as  just  explained;  and  (2)  by  the  secretion  of  a  more 
acid  urine,  which  usually  means  a  larger  proportion  of  acid  phosphate 
in  the  urine.  In  case  the  surplus  of  fixed  acid  is  small  or  transient,  a 
shifting  of  the  proportions  between  mono-  (primary)  and  di-  (sec¬ 
ondary)  phosphate  may  suffice;  but  beyond  this,  the  increased  excre¬ 
tion  of  primary  phosphate  may  involve  increased  excretion  of  total 
phosphate  necessarily  carrying  with  it  some  fixed  base  and  thus  tending 
to  deplete  the  body’s  alkaline  reserve < 

As  a  precaution  against  such  depletion,  it  is  sometimes  thought 
worth  while  to  balance  the  foods  in  which  (fixed)  acid-forming  ele¬ 
ments  predominate  (“acid-forming  foods”)  by  including  in  the  diet 
corresponding  proportions  of  “base-forming”  or  “basic”  foods  (foods 
on  the  alkaline  side”)  which  contain  more  than  enough  of  fixed  base- 

forming  elements  to  neutralize  the  fixed  acid  formed  by  the  metab¬ 
olism  of  these  foods. 

Meats  and  fish,  eggs,  and  grain  products  are  acid-forming  foods  in 
he  sense  here  explained.  Their  acid-forming  character  cfn  not  be 

the  surplus  J"*?  ^  bUming  “  3nd  testinS  thc  ash>  because 
the  surplus  sulfunc  ac.d  is  dnven  off  by  such  heating  in  air. 

namraieaStcand,-.a11  fo0d*  Which  are  Practi«%  without  protein  or 
Base-fonrung  elements  predominStughtl;  ^  IndTa^m 
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Table  10.  A  Few  of  the  Foods  in  Which  Acid-forming  Elements  Predominate 


Food 

(. Edible  Portion ) 


Approximate  Potential  Acidity 
{cc.  Normal  Acid) 

Per  WO  Grams  Per  WO  Calories 


Beef,  clear  lean 

12 

10 

round  steak 

11 

7 

Eggs 

11 

7 

Oysters 

15 

30 

Oatmeal 

12 

3 

Rice 

9 

2 

Wheat,  entire 

12 

3 

Wheat  flour 

9 

2 

White  bread,  made  with  water 

6 

2 

Table  11.  A  Few  of  the  Foods  in  Which  Base-forming  Elements  Predominate 


Food 

{. Edible  Portion ) 


Approximate  Potential  Reserve 
Alkalinity  {cc.  Normal  Alkali) 

Per  WO  Grams  Per  WO  Calories 


Apple 

Banana 

Cantaloupe 

Carrot 

Orange  (or  juice) 

Pear 

Potato 

Tomato  (or  juice) 
Watermelon 


3 
8 
7 

14 

5 

4 
9 

5 
4 


6 

8 

18 

30 

10 

5 

10 

24 

12 


as  free  arid  or  as  arid  salt)  are  largely  or  completely  burned  in  the 
normal  oxidation processes  of  the ^y.  are  diffcrenccs 

sr*. » t  zs 

‘mechanism”  of  the  normal  body  to  be  o  ^™ntfood  of  no  con. 

acid-forming  and  base-forming  t  erne  agreeing  that  the  blood 

sequence  to  nutrition  and  health.  Others,  agreeing 
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maintains  its  neutrality  with  great  efficiency,  still  think  that  the  body 
is  better  off  when  it  is  not  forced  to  excrete  a  markedly  acid  urine. 
We  may  doubtless  accept  the  evidence  of  experience  that  many  people 
have  been  benefited  by  giving  a  higher  place  to  fruits  and  succulent 
vegetables  in  their  daily  dietaries;  but  how  the  credit  for  the  benefit 
is  to  be  distributed  between  base-forming  elements  and  vitamins  is  as 
yet  an  open  question.  In  our  opinion  more  of  the  newest  knowledge 
of  nutrition  is  needed  before  anyone  can  confidently  attempt  a  con¬ 
clusive  weighing  of  the  evidence. 

EXERCISES 

1.  Put  about  10  grams  of  grapefruit  juice  in  a  platinum  or  silica 
dish.  Show  that  the  juice  is  acid.  Evaporate  it  to  dryness  and  burn  it 
to  ash.  Show  that  the  ash  is  alkaline. 

2.  Explain  why  the  typical  “acid-forming”  foods  do  not  yield  a 
correspondingly  acid  ash  when  burned  in  the  air.  What  acid,  produced 
in  significant  amounts  in  metabolism,  is  a  “fixed  acid”  in  the  body, 
but  is  volatilized  when  heated  in  an  open  dish? 

3.  With  the  facilities  available  to  you,  can  you  show  that  the  urine 
is  rendered  less  acid  by  eating  oranges  or  grapefruit,  more  acid  by 
eating  lean  meat  or  eggs? 
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PHOSPHORUS  AND  CALCIUM 


Occurrence  and  Functions  of  Phosphorus 


Phosphorus  occurs  in  the  body  as  a  constituent  of  many  of  its 
materials,  and  functions  in  many  nutritional  processes.  A  glance 
at  its  occurrence  in  nature  is  of  interest  as  introducing  us  to  “the 
phosphorus  problem”  of  nutrition  and  of  food  supply. 

The  late  Dr.  F.  W.  Clarke,  long  the  chief  chemist  of  the  United 
States  Geological  Survey,  estimated  that  phosphorus  constitutes 
0.11  per  cent  of  the  crust  of  the  earth;  but  it  is  rather  unevenly 
distributed,  and  largely  locked  up  in  the  form  of  phosphate  rocks 
some  of  which  are  very  resistant  to  weathering  and  so  yield  their 
phosphates  but  slowly  to  the  soil.  Hence  phosphorus  is  one  of  the 
elements  in  which  soils  are  most  often  poor,  relative  to  the  needs 
of  the  plants  which  grow  upon  them.  For  about  eighty  years  the 
attitude  of  science  had  been  that  the  phosphate  fertilization  of  the 
soil  may  be  expected  to  result  in  larger  crops,  rather  than  crops 
containing  significantly  higher  percentages  of  phosphorus. 

Within  the  past  forty  years,  however,  it  has  been  found,  first  in 
South  Africa  and  thereafter  in  several  other  parts  of  the  world, 
that  phosphorus-poor  soils  may  produce  phosphorus-poor  forage 
with  resulting  tendency  to  shortage  of  phosphorus  in  the  nutrition 
oi  cattle  obliged  to  subsist  on  such  pastures. 

The  general  tendency  in  plants  is  toward  a  relative  concentra¬ 
tion  of  calcium  in  the  leaves  and  of  phosphorus  in  the  seeds.  Hence 
pasture-plants  become  poorer  in  phosphorus  in  the  late  summer 
and  autumn  when  the  seeds  have  fallen  to  the  ground.  And  in 

fre'atiVely  m°re  danger  °f  Sh°rta«e  of  P^phorus 
in  the  leaf  diet  of  grazing  cattle;  and  of  calcium  deficiency  in  the 

letaries  of  people  who  eat  relatively  little  of  leaf  foods  and  rela- 
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tively  large  amounts  of  seeds  and  their  milling-  and  bakery-prod¬ 
ucts.  However,  it  would  not  be  scientifically  justifiable  to  ignore 
the  phosphorus  problem  of  human  nutrition.  (At  the  “rickets  age” 
phosphorus  may  be  the  limiting  factor  in  the  body’s  development.) 

Phosphorus  is  an  essential  constituent  of  every  known  tissue  and 
cell  in  the  body.  Although  probably  nearly  90  per  cent  of  the  total 
phosphorus  of  the  adult  body  is  in  the  skeletal  system,  yet  the 
amount  and  the  wide  distribution  of  the  phosphorus  compounds  of 
the  soft  tissues  including  the  body  fluids,  give  them  a  position  in  the 
active  metabolism  of  the  body  fairly  analogous  to  that  of  the  pro¬ 
teins,  although  the  total  amounts  involved  are  not  so  large. 


Amount  of  Phosphorus  Required 

With  phosphorus  functioning  in  so  many  ways  in  the  body, 
considerable  interest  attaches  to  the  question  of  the  amount  which 
the  body  must  receive  daily  from  the  food  in  order  to  meet  the 
needs  of  replacement  of  the  phosphorus  spent  in  connection  with 

these  functions.  , 

From  the  data  of  about  one  hundred  studies,  each  of  some  days 

duration,  in  which  the  quantitative  balance  of  intake  and  outpu* 
of  phosphorus  was  determined  in  a  manner  analogous  to  the  nitro¬ 
gen-balance  experiments  described  in  Chapter  VI,  an  average  o 
0  88  gram  of  phosphorus  per  man  per  day  was  found  to  be  required 
for  the  maintenance  of  healthy  adults  in  nutritional  equilibrium 
For  much  the  same  reasons  as  with  protein,  it  is  customary  to  ac 

fifty  per  cent  when  setting  a  “dietary  standard. 

The  National  Research  Council’s  explanation  of  the  absence  of 
a  column  of  figures  for  phosphorus  in  its  table  of  Recommended 
Allowances  is  as  follows:  “Available  evidence  indicates  that  the 
phosphorus  allowances  should  be  at  least  equal  to  those  for  cal- 
ciumin  the  diets  of  children  and  of  women  during  the  latter -  part 

in  calcium  and  protein  are :  also he  b< :st  s u>rce  P  J  Nq 
(National  Research  Council,  Reprint  an  c 
129,  Recommended  Dietary  Allowances,  p. 
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Calcium  Requirements:  (a)  for  Minimal  Adequacy; 
(b)  for  Best  Lifetime  Results 


We  have  seen  in  the  latter  part  of  Chapter  VI  how  balance-ex¬ 
periments  with  graded  intakes  are  used  in  studies  of  protein  re¬ 
quirements;  and  have  indicated  briefly  above  that  analogous 
studies  of  the  phosphorus  balance  serve  to  indicate  phosphorus 
requirements.  In  a  similar  way,  calcium-balance  experiments  may 
serve  for  the  finding  of  minimal-adequate  calcium  needs.  But  in 
the  case  of  calcium  it  is  especially  important  to  distinguish  between 
the  merely  minimal-adequate  intakes  and  those  which  yield  best 
results  in  the  long  run  of  a  lifetime. 

Up  to  1920  there  had  been  published  about  one  hundred  calcium 
balance  experiments  with  healthy  human  adults,  in  which  (in  the 
light  of  the  knowledge  of  that  time)  it  was  thought  that  the  out¬ 
put  approximated  the  “rock  bottom”  level  of  actual  need  for  nor¬ 
mal  minimal-adequate  maintenance.  The  mean  (arithmetical  aver¬ 
age)  of  the  findings  thus  brought  together  in  1920  was  0.45  gram 
as  an  estimate  of  the  lowest  possible  maintenance  level  for  the  aver¬ 
age  normal  man.  And,  obviously,  in  a  normal  adult  population, 
about  one-half  of  the  people  would  have  their  needs  covered  by 
such  an  average  figure,  and  about  one-half  would  not.  For  a  tenta¬ 
tive  allowance  intended  to  meet  the  needs  of  practically  all  normal 
cases,  it  was  (in  1920)  suggested  that  the  “dietary  standard”  be 
set  fifty  percent  higher  than  the  above  “rock  bottom”  average, 
i.e.,  at  0.68  gram  per  day  for  adult  maintenance.  This  served  as  a 


tentative  ‘standard”  for  about  twenty  years. 

By  1941  accumulated  evidence  from  many  researches — out¬ 
standingly  those  at  the  University  of  Illinois — had  shown  that  the 
1920  compilation  tended  to  low  results  in  using  simple  output  as 
an  indication  of  need  in  experiments  showing  negative  balances. 
When  only  the  experiments  more  closely  approaching  equilibrium 
were  used  and  negative  balances  were  more  fully  corrected  the 
estimated  average  need  was  raised  from  0.45  to  0.7  gram.  Without 
statistical  analysis  of  the  data  it  was  thought  that  adding  one 
seventh  to  the  last-mentioned  average  would  suffice;  and  the  Na¬ 
tional  Research  Council  set  its  Recommended  Allowance  for  nor- 

T 194V °'8  gram  of  calcium  per  day in  its 

94  to  1945.  Further  research,  however,  showed  that  in- 
ividual  variation  is  a  larger  factor  in  calcium  requirement  than 
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had  been  supposed.  1  hese  and  other  research  findings  called 
clearly  for  an  increase  of  the  0.8  gram  allowance;  and  showed 
that,  statistically  considered,  an  allowance  of  1 .0  gram  of  calcium 
a  day  is  called  for  if  it  is  to  cover  the  maintenance  needs  of  all  but 
about  one  in  one  hundred  of  the  normal  adult  population.  Much 
new'  evidence  obtained  by  a  method  of  charting  plus  and  minus 
balances  observed  in  people  on  their  accustomed  dietaries  also 
pointed  plainly  to  the  desirability  of  1 .0  gram  as  a  recommended 
allowance. 

Thus  it  was  in  the  light  of  a  large  amount  of  consistent  and  com¬ 
prehensive  evidence  that  the  National  Research  Council  in  1948 
increased  its  Recommended  Allowances  for  adult  maintenance  to 
1 .0  gram  of  calcium  a  day. 

As  the  original  calcium  allowances  had  provided  generously  for 
children  and  for  pregnant  and  lactating  women,  these  latter  were 
not  changed  when  the  maintenance  allowance  was  increased.  Thus 
the  calcium  allowance  for  the  people  as  a  whole  was  increased  by 
only  about  one  tenth. 

From  the  viewpoint  of  the  food  budget  this  one  tenth  more  of 
food  calcium  can  readily  be  provided  by  shifting  a  little  of  the  pres¬ 
ent  (or  previous)  expenditure  for  some  other  food  or  foods  to  the 
increased  purchase  of  the  foods  which  are  the  outstanding  sources 
of  calcium  in  our  accustomed  dietaries,  i.e.,  to  milk,  with  its  prod¬ 
ucts  other  than  butter,  and  to  green  leaf  vegetables,  other  than  those 
of  the  Goosefoot  Family  (Chenopodiaceae) .  Home  gardening  can 
provide  the  increased  supply  of  greens  for  many  families.  Milk  and 
green  vegetables  together  also  constitute  such  an  important  source 
of  protein,  iron,  and  vitamins  in  addition  to  their  calcium,  that 
increased  purchase  of  them  can  be  offset  in  the  budget  by  dimin¬ 
ished  consumption  of  almost  any  of  its  items  with  a  net  gain  to  the 
nutritive  value  of  the  dietary  as  a  whole. 


Significance  of  Long-term  Liberality  of  Food  Calcium 

As  explained  in  Chapters  V  and  Vi,  respectively,  the  continued 
consumption  of  any  considerably  larger  amount  of  total  food 
(counted  in  Calories)  than  is  needed  for  optimal  growth  or  the 
maintenance  of  the  best  body  weight,  tends  to  an  undesirable  ac¬ 
cumulation  of  surplus  body  fat;  while  a  corresponding  surplus 
consumption  of  protein  has  only  a  doubtfully  measurable  effect 
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either  upon  the  protein  content  of  the  body  or  upon  its  health  and 
longevity. 

Surplus  calcium  has  a  different  significance  from  either  surplus 
calories  or  surplus  protein,  in  that  long-term  studies  show  that 
stepwise  increases  of  calcium  intake  above  the  minimal-adequate 
level  tend  to  higher  levels  of  positive  health  and  an  increase  in  the 
length  of  normal  life.  This  finding  rests,  first,  upon  a  large  amount 
of  direct  human  experience,  in  which,  however,  the  investigator 
obviously  cannot  so  control  the  food  and  the  drinking-water  as  to 
make  calcium  the  sole  variable  throughout  whole  natural  life 
cycles;  and,  second,  experiments  with  laboratory  animals  whose 
food  habits  and  nutritional  processes  are  sufficiently  similar  to  the 
human  and  which  can  be,  and  have  been,  kept  under  complete 
quantitative  and  qualitative  control  throughout  entire  life  cycles 
and  successive  generations. 

In  typical  long-term  experiments  of  this  kind,  rats  of  the  Colum¬ 
bia  chemical  laboratory  colony  were  fed  its  Diet  No.  16  with  and 
without  graded  additions  of  food  calcium,  the  basal  diet  containing 
0.19  per  cent  of  calcium  in  the  air-dry  food  mixture.  The  fact  that 
this  basal  diet  was  adequate  to  all  the  nutritional  needs  of  the  rats 
(in  the  ordinaiy  understanding  of  the  word  adequate)  is  amply 
shown  by  the  fact  that  families  are  still  (1950)  thriving  in  the 
72nd  generation  on  this  diet.  Yet  this  level  of  calcium  intake,  while 
adequate,  was  less  than  optimal.  For  strictly  parallel  “lots”  'or  ex¬ 
perimental  families,  differing  only  in  that  their  food  contained  more 
calcium,  made  better  records.  Thus  with  0.35  per  cent  calcium  as 
compared  with  0.19  per  cent,  there  was  a  more  efficient  use  of  the 
food  consumed  (whether  calculated  on  the  basis  of  its  energy  value 
or  of  its  protein  content)  with  moderately  increased  rate  of  growth 
an  adult  size;  and  distinctly  earlier  maturity,  higher  adult  vitality 
and  increased  duration  of  the  “prime  of  life”  or  “useful”  life— the 
period  between  the  attainment  of  maturity  and  the  onset  of  senility 

te  rats  on  the  diet  of  higher  calcium  content  also  lived  longer  even 
if  the  comparison  is  made  without  including  infant  mortflhv  In 

T  hig,Her  CaldUm  intake  — ased  n  t  " 

'eng  h  of  life  but  also  the  adult  life  expectation.  ? 

in  its  ™,  d‘et’  otherwlse  unchanged,  was  still  further  increased 

again  W*f* 

g  .  1  hus  successive  increases  in 
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dietary  calcium  induced  successive  gains  in  positive  health  up  to 
intake  levels  relatively  much  higher  than  what  we  have  considered 
safe  standards  in  the  past. 

In  the  particular  series  of  experiments  of  which  we  are  here 
speaking,  the  increased  length  of  adult  lives  on  diet  with  0.35  per 
cent  calcium  over  those  with  0.19  per  cent,  was  clearly  statistically 
significant  with  the  males,  but  less  so  with  the  females;  perhaps 
because  the  females  receiving  0.35  per  cent  calcium  had  borne  and 
suckled  more  young,  and  brought  them  to  higher  average  weight  at 
a  standard  weaning  time,  than  had  those  with  0.19  per  cent  cal¬ 
cium.  When,  then,  the  females  on  the  higher  of  these  two  calcium 
intake  levels  lived  only  slightly  longer  than  those  on  the  lower  level, 
the  question  arose  whether  this  was  because  females  are  less  able 
than  males  to  invest  extra  calcium  in  extra  length  of  life,  or  because 
at  the  calcium  intake  levels  of  these  particular  experiments,  these 
females  had  invested  their  extra  calcium  in  more  and  superior  off¬ 
spring  instead.  That  the  latter  is  the  correct  answer  has  been  shown 
by  further  experimentation  in  two  quite  different  ways:  First,  in 
females  kept  unmated  and  thus  having  no  offspring  in  which  to 
invest  it,  the  extra  calcium  conferred  at  least  as  much  improvement 
in  longevity  as  it  did  in  the  corresponding  males.  Second,  it  was 
shown  in  another  series  of  experiments  that  with  still  larger  allow¬ 
ances  of  dietary  calcium  the  females  were  enabled  both  to  rear 
more  and  sturdier  offspring  and  to  enjoy  longer  lives  themselves. 

These  and  many  other  experiments  indicate  that  at  least  two  to 
three  times  the  minimal-adequate  intake  of  calcium  is  needed  for 
best  long-term  results.  Animal  experimentation  cannot  be  expected 
to  give  us  (by  itself)  exact  quantitative  knowledge  of  human  re¬ 
quirements,  but  these  comprehensive  and  searching  animal  experi¬ 
ments  do  guide  our  judgment  and  justifiably  confirm  our  confi¬ 
dence  in  leaning  to  liberality  of  calcium  allowances  for  people  of 
both  sexes  and  all  ages.  This  gives  greatly  accentuated  interest  and 
significance  to  the  problems  of  the  influence  of  nutrition  upon  the 
chemical  composition  and  internal  environment  of  the  normal  body. 

Analyses  of  large  numbers  of  the  offspring  of  parallel  families  ol 
laboratory  animals  (rats)  on  diets  containing  on  the  one  hand  a 
little  over  the  minimal-adequate  calcium  content  and  on  the  other 
hand  from  three  to  four  times  as  much,  have  shown  that  this  libera 
increase  over  a  level  of  intake  already  adequate  for  normal  health 
and  development  results  in  a  higher  percentage  of  calcium  in  the 
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body  at  a  given  age  or  size.  The  difference  becomes  measurable 
very  early  in  life,  is  greatest  during  the  period  of  most  rapid  growth, 
and  is  still  significantly  measurable  in  the  adult.  (For  full  accounts 
see  Campbell,  Pearson  and  Sherman  (1943),  Lanford,  Campbell 
and  Sherman  (1941),  Lanford  and  Sherman  ( 1938),  and  Sherman 
(1947)  in  the  Suggested  Readings  at  the  end  of  this  chapter.) 
All  the  evidence  indicates  that  this  more  rapid  calcification  of  the 
skeletal  system  is  advantageous  to  the  nutritional  well-being  and 
positive  health  both  at  the  time  and  throughout  the  subsequent  life 
of  the  individual  whose  development  has  been  thus  expedited  by  a 
liberal  calcium  content  in  the  family  food  supply. 

As  previously  noted,  99  per  cent  or  more  of  the  calcium  retained 
by  the  body  takes  the  form  of  the  relatively  resistant  bone  and  tooth 
minerals  of  the  skeletal  system.  The  question  therefore  arises 


Fig.  20.  Diagrammatic  representation  of 
the  bone  trabeculae  as  affected  by  the 
calcium  content  of  the  food. 


whether  an  increased  amount  of  such  sparingly  soluble  calcium  salt 
in  the  body’s  hard  structures  will  significantly  influence  the  con¬ 
centration  of  calcium  in  the  soft  tissues  and  bodv  fluid*  H„„. 


blood,  the  nutritionally-induced  differences  of 

mem,  as  illustrated  in  Fig.  20,  result  in  lare 
surface  area  of  _ _  •  .  s 


induced  differences  of  trabecular  develop- 
‘g-  20,  result  in  large  differences  in  the 
containing  material  with  which  the  blood 


surface  area  of  calcium- 
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comes  in  contact  in  the  course  of  its  circulation.  Thus  the  larger 
the  store  of  body  calcium  and  the  development  of  the  bone  trabec¬ 
ulae  the  more  steadily  is  the  full  normal  concentration  of  calcium 
in  the  blood,  lymph,  and  soft  tissues  maintained.  This  is  probably 
of  great  importance  (though  perhaps  not  yet  fully  appreciated) 
because  so  many  vicissitudes  in  our  life  processes  result  in  small 
losses  of  calcium  which  temporarily  lower  the  concentration  of 
calcium  in  the  blood,  the  full  maintenance  or  quick  restoration  of 
which  plays,  as  We  have  already  seen,  so  essential  a  part  in  the 
body’s  self-regulatory  processes.  Hence,  even  though  the  body’s 
caltium  reserve  is  laid  up  in  a  form  of  such  slight  solubility,  the 
more  abundant  the  reserve  the  greater  the  calcium-saturating 
surface  with  which  the  circulating  blood  has  contact  and  the 
quicker  the  restoration  of  a  normal  blood  calcium  level  whenever 
this  has'been  depleted  in  any  way.  Moreover,  as  we  are  only  now 
beginning  to  appreciate,  a  normal  range  of  blood  calcium  concen¬ 
tration  which  looks  narrow  enough  from  the  viewpoint  of  current 
accuracy  of  analytical  determination  may  still  be  wider  than  the 
zone  of  strictly  optimal  concentration.  For  instance,  it  may  be  said 
that  the  normal  serum  calcium  concentration  is  0.009  to  0.0115 
per  cent,  and  that  the  analytical  determinations  now  current  are 
hardly  precise  enough  to  justify  attempting  a  more  refined  esti¬ 
mate;  yet  it  may  at  the  same  time  be  true  that  the  individual  hav¬ 
ing  such  rich  development  of  bone  trabeculae  as  to  ensure  an  al¬ 
most  constant  maintenance  of  something  near  the  maximum  of 
these  values  may  have  an  advantage  over  the  individual  whose 
blood  calcium  even4hough  within  the  normal  range  is  more  often 
in  the  lower  levels  of  this  zone.  Thus  differences  in  a  body  s  re¬ 
serves  of  even  such  an  insoluble  asset  as  the  calcium  in  the  bones 
may  very  really  and  significantly  influence  the  internal  environ- 
mcnt  in  the  sense  of  the  quantitative  chemistry  of  the  fluids  and 
soft  tissues  of  the  body  which  directly  and  immediately  env.ron  its 

life  processes. 


Calcium  and  Phosphorus  in  Growth  and  Development 

vi  of  the  body  at  birth  is  an  obviously  advantageous 
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poor;  and  normal  growth  and  development  call  for  a  marked  in¬ 
crease  not  only  in  the  amount  but  also  in  the  percentage  of  calcium 
in  the  body.  The  same  is  true,  in  less  degree,  of  phosphorus. 

The  quantitative  relations  have  been  determined  most  fully  and 
accurately  in  the  case  of  the  rat,  where  representative  individuals 
of  different  ages  can  be  taken  in  large  numbers  from  well  controlled 
colonies,  and  the  entire  body  subjected  to  chemical  analysis.  Here 
it  was  found  that  the  growth  and  development  of  the  body  to  nor- 
mal  adult  status  involved  a  75-fold  increase  of  body  weight  over 
that  at  birth;  an  increase  of  150-fold  in  the  amount  of  phosphorus, 
and  of  340-fold  in  the  amount  of  calcium,  which  was  contained  in 
the  body  at  birth. 

The  quantitative  relationships  are  less  extreme  in  the  case  of 
the  human  being  which  is  born  with  something  like  one-twentieth 
of  its  adult  weight  and  with  bones  correspondingly  more  calcified 
than  those  of  the  new-born  rat. 

The  stage  of  skeletal  development  which  the  rat  shows  at  birth 
is  that  of  before-birth  in  a  normal  baby,  and  the  new-born  baby’s 
skeleton  is  perhaps  comparable  in  its  stage  of  development  to  that 
of  a  rat  about  two  weeks  old.  Still,  the  normal  development  of  the 
baby  involves  not  only  a  great  deal  of  growth,  but  also  and  at  the 
same  time  a  great  deal  of  hardening,  of  its  bones. 

Thus  during  growth  and  bodily  development  there  is  a  rela¬ 
tively  much  accentuated  need  for  calcium  as  compared  with  the 
needs  for  tissue  building  materials  of  other  kinds. 


The  inevitable  fact  of  being  born  calcium-poor  is  to  be  regarded 
as  advantageous  to  the  event  of  birth  itself,  but  as  a  nutritional 
andicap  thereafter.  To  enable  the  growing  body  to  overcome  this 
handicap  without  undue  delay,  to  build  a  good  skeletal  framework 
and  a  sound  set  of  teeth  notwithstanding  the  fact  that  it  started 
un  er  the  handicap  of  a  low  calcium  content,  requires  a  food 

ThusTh  m  C'Um  tHan  many  pe°ple  find  easV  *°  realize. 
Thus  there  is  a  very  real  “calcium  problem”  in  human  nutrition- 

and  d?  Tly  m  mfamCy  bUt  throuSho«  ‘he  period  of  rapid  growth 

studiesTotTat-  ^  ^  aSS°dat<*  in  ^  anatom7Ca, 
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ized,  estimates  that  standards  for  calcium  intakes  and  retentions 
should  be  higher  than  in  the  past. 

Even  among  investigators  who  have  given  special  attention  to 
the  calcium  retentions  of  growing  children,  there  are  still  differ¬ 
ences  of  interpretation.  One  regards  the  finding  of  a  relatively  high 
retention  as  evidence  of  good  practice  in  feeding;  another,  as  evi¬ 
dence  that  calcification  had  previously  been  abnormally  retarded. 
We  have  endeavored  to  exclude  cases  of  the  latter  kind  from  the 
averages  which  appear  on  the  last  line  of  Table  12 ;  but  some  critics 
may  still  regard  these  estimates  as  representing  a  higher  level  of 
retention  than  can  be  sustained  throughout  the  first  nine  years  of 
life. 

The  Recommended  Daily  Allowances  of  the  National  Research 
Council  provide  1 .0  gram  of  calcium  for  children  of  all  ages  up  to 
and  including  12  years,  with  from  1.0  to  1.4  grams  between  the 
ages  of  13  and  20  years. 

Mitchell,  Outhouse  and  their  coworkers  at  the  University  of 
Illinois,  under  conditions  tending  to  minimal  estimates  of  normal 
utilization,  find  that  growing  children  retain  an  average  of  20  per¬ 
cent  of  the  calcium  they  receive  in  their  food.  This,  with  the  Recom¬ 
mended  Allowance  of  1 .0  gram  of  food  calcium  a  day,  would  mean 
the  retention  of  73  grams  of  calcium  per  year.  Allowing  for  20 
grams  of  calcium  in  the  body  at  birth,  and  for  average  growth  in 
body  weight,  this  would  result  in  the  body  containing  about  1.95 
per  cent  of  calcium  at  the  age  of  4;  and  a  little  over  2  per  cent  at 
the  age  of  9  years.  Whether  the  body  thus  early  equipped  with  a 
good  framework  will  thereafter  continue  to  maintain  its  higher 
percentage  of  calcium  is  still  an  open  question. 

As  mentioned  above,  relatively  more  calcification  occurs  before 
birth  in  the  child  than  in  the  rat.  What  the  rat  mother  does  in 
supplying  her  offspring  is  done  predominantly  during  the  suckling 
period,  whereas  the  human  offspring  makes  heavy  demands  upon 
its  mother  for  calcium  not  only  in  lactation  but  in  the  latter  part 
of  pregnancy  also.  The  calcium  requirement  of  human  embryonic 
development  must  obviously  be  met  through  the  mother,  and  is  a 
matter  of  concern  to  her  as  well  as  to  the  baby.  The  National  Re¬ 
search  Council  has  therefore  consistently  recommended  a  liberal 
calcium  allowance  for  pregnancy;  and  also  during  lactation  so 
long  as  the  babv  is  getting  most  of  his  nourishment  by  breast-feed- 
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in^.  The  Council  also  recommends  the  same  maintenance  allow¬ 
ance  of  calcium  for  women  as  for  men  (notwithstanding  the  dif¬ 
ference  in  average  size)  in  order  “to  provide  for  bodily  storage 
in  anticipation  of  reproduction  and  lactation. 


Table  12.  Different  Estimates  off  Normal  Retention  off  Calcium  During  Growth  and 
Development  off  the  Human  Body:  Retentions  in  Milligrams  per  Day 


Age: 

1st 

Tear 

2nd 

Tear 

3rd 

Tear 

4th 

Tear 

5-9 

Tears 

10-15 

Tears 

16-22 

Tears 

Shohl’s  average  “from  the 
literature”  (adapted) 

163 

110 

90 

68 

136 

190 

65 

Macy’s  average  (adapted) 
probably  mainly  of  more 
recent  data 

189 

276 

276 

180 

220 

260 

32 

An  average  of  recent  data 
compiled  by  the  present 
writers 

220 

235 

286 

246 

238 

192 

p 

Calcium  Content  of  the  Body  in  Relation  to  Age, 

Growth,  and  Food 

Fundamental  to-  a  complete  interpretation  of  the  bearing  of 
animal  experimentation  upon  the  problem  of  the  desirable  levels 
of  calcium  intake  in  human  nutrition  are  the  comprehensive  quanti¬ 
tative  studies  made  by  Dr.  F.  L.  MacLeod  upon  rats  of  widely  dif¬ 
fering  ages  and  nutritional  histories  (Sherman  and  MacLeod, 
1925).  Later  Lanford  studied  more  intensively  the  influence  of  the 
calcium  content  of  the  food  as  sole  experimental  variable  in  relation 
to  the  calcium  content  of  the  body  of  the  rat  from  28  to  180  days  of 
age  with  the  results  shown  concisely  in  Table  13  and  in  Figure  21. 

oqo  det^lled  data  and  fuller  discussion  see  Lanford  and  Sherman, 
i  38,  in  Suggested  Readings  at  the  end  of  this  chapter.)  The  find¬ 
ings  as  plotted  in  Figure  21  show  that  while  body  weight  and 
°  b°dy  “lcmm  ‘""eased  smoothly  on  the  diets  of  both 

differ-  ,  T?’  rthe  CU,rVeS  f°r  t>e,centages  of  body  calcium  are 
fferent.  That  for  males  on  the  low-calcium  diet  shows  a  slight 
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and  that  for  females  a  more  pronounced,  dip  during  about  the 
period  of  adolescence. 


Table  13.  Calcium  Content  of  the  Body  as  Influenced  by  Age  and  by  Food 

. 


Ca  in  Food 

% 

Age 

Days 

Body  Weight 
Grams 

Calcium 

Grams 

in  Body 
Percent 

Male  Rats 

0.20 

28 

39 

0 . 279 

0.715 

0.20 

60 

102 

0.692 

0.677 

0.20 

90 

173 

1  .262 

0.726 

0.20 

180 

260 

2.651 

1  .023 

0.64 

28 

40 

0.385 

0.956 

0.64 

60 

117 

1.128 

0.971 

0.64 

90 

172 

1  .765 

1 .026 

0.64 

180 

282 

3.137 

1  .113 

Female  Rats 

0.20 

28 

40 

0.300 

0.748 

0.20 

60 

95 

0.641 

0.676 

0.20 

90 

134 

1.109 

0.830 

0.20 

180 

167 

1  .999 

1.196 

0.64 

28 

41 

0.384 

0.949 

0.64 

60 

106 

1.113 

1  .049 

0.64 

90 

150 

1  .748 

1.165 

0.64 

180 

190 

2.472 

1  .305 

This  dip  in  the  curve  does  not  mean  a  negative  calcium  balance. 
These  animals  were  increasing  their  amounts  of  body  calcium  but 
less  rapidly  than  their  body  weights  were  increasing,  so  that  their 
percentages  of  body  calcium  were  decreased  for  a  time  during  which 
they  were  calcium-poor  in  this  sense  notwithstanding  the  fact  that 
their  calcium  balances  were  positive  throughout.  Further  studies 
of  this  phenomenon  (which  doubtless  has  its  analogue  in  the  ex 
perience  of  human  families  which  live  for  long  times  on  low-cal¬ 
cium  diets)  have  been,  and  are  being,  made  in  the  Columbia 
chemical  laboratories.  Addition  of  protein,  as  such  or  as  meat,  tends 
to  increased  rate  of  growth  and  earliness  of  puberty  in  females 
which,  however,  more  often  than  their  controls  break  down  in  ear  y 
reproduction  or  lactation  and  thus  increase  the  deathrate  of  ado  es- 
cent  and  young  adult  females.  This  may  be  conceived  as  due  ( 1 ) 
to  an  over-stimulation  of  growth  and  sexual  maturity  by  the  protein 
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enrichment  of  the  calcium-poor  basal  diet,  or  (2)  to  a  protein/ 
calcium  imbalance,  or  (3)  to  a  combination  of  these.  Current  ex¬ 
periments  are  indicating  that  the  hazard  is  forestalled  when  the 
diet  is  sufficiently  enriched  in  calcium  at  the  same  time  as  in  pro¬ 
tein.  While  such  animal  experimentation  can  not  be  expected  to 
furnish  a  precise  direction  as  to  optimal  levels  of  intake  for  human 
nutrition,  it  does  guide  our  judgment  as  to  how  the  emphasis  may 
best  be  laid.  This  new  evidence  makes  it  wise  to  be  liberal  in  dietary 


Fig.  21.  Influence  of  the  calcium 
content  of  the  food  on  the  rate 
of  retention  of  calcium  in  the 
body.  Average  results  for  female 
rats.  Curves  I  and  II  show 
amounts,  while  Curves  III  and 
IV  show  percentages,  of  calcium 
in  the  rats  from  the  lower  and 
higher  levels  of  food  calcium 
respectively. 


allowances  of  calcium,  and  especially  it  indicates  that  dietaries 

which  are  generous  in  protein  should  be  of  liberal  calcium  content 
also. 

The  National  Research  Council’ s  Recommended  Daily  Dietary 
Allowances  of  Calcium  as  Revised  in  1948  are  as  follows: 

For  women  in  the  latter  half  of  pregnancy,  1.5  grams;  and  in 
lactation,  2.0  grams; 

For  other  women  and  for  men,  1.0  gram; 

For  children  under  10  years  of  age,  1.0  gram; 

10-12  years  of  age,  1.2  grams; 
girls  13-15  years,  1.3  grams; 

16-20  “  1.0  gram; 

boys  13-15  “  1.4  grams; 

16-20  “  1.4  grams. 

For  fuller  explanation  see  Appendix  D. 
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Selection  of  h  oods  to  Provide  Calcium  and  Phosphorus 

1  he  calcium  and  phosphorus  of  the  food  have  come,  of  course, 
ultimately  from  the  soil  (and  the  “ground  waters”  contained  in  it). 
Of  late,  there  has  been  a  tendency  in  some  quarters  to  emphasize, 
perhaps  unduly,  the  effect  of  soil  and  fertilizer  upon  the  percentages 
of  mineral  elements  in  the  resulting  crops.  Some  striking  assertions 
on  this  point  are  much  in  need  of  fuller  investigation;  and,  as  we 
saw  in  Chapter  I,  a  research  laboratory  which  will  devote  special 
attention  to  problems  of  this  sort  has  now  been  established.  Many 
years  of  patient  work  may  be  required  to  prove  or  disprove  some 
present-day  assumptions.  Meanwhile,  as  more  fully  explained  by 
Sherman  and  Ragan  (see  Suggested  Readings  below),  averages  of 
analyses  of  foods  from  various  sources,  like  those  of  Table  14  here¬ 
with  and  Table  41  in  the  Appendix,  are  serviceable  for  the  general 
purposes  w  hich  users  of  this  book  presumably  have  in  view. 

Table  14  shows  the  calcium  and  phosphorus  contents  of  a  few 
typical  foods  of  both  animal  and  vegetable  origin.  Data  for  other 
foods  may  be  found  in  Table  41  in  the  Appendix  and  in  Agricul¬ 
ture  Handbook  No.  8  of  the  U.  S.  Department  of  Agriculture. 

Milk  in  its  various  forms,  and  such  other  dairy  products  as  con¬ 
tain  the  mineral  elements  of  milk,  are  the  principal  sources  of  cal¬ 
cium  in  such  diets  as  are  common  in  this  country. 

Plant  products  may  also  contribute  important  amounts. 

Both  the  calcium  and  the  phosphorus  contents  of  the  edible  roots 
are  usually  between  0.03  and  0.05  per  cent.  The  starchy  potato 
tuber  contains  a  similar  amount  of  phosphorus,  but  distinctly  less 

calcium. 

In  general,  the  bulbs,  stems,  and  twigs  are  similar  in  calcium  and 
phosphorus  content  to  the  roots,  while  leaves  are  richer  in  calcium, 
and  flowers  and  seeds  are  richer  in  phosphorus.  Analyses  of  the 
edible  twigs,  the  flowerbuds,  and  the  leaves  of  the  same  samples  of 

broccoli  resulted  as  shown  in  Table  14. 

Green  leaves,  in  the  diets  of  people  who  appreciate  them,  rank 
second  only  to  milk  and  its  products  as  source  of  calcium.  Those 
of  the  loose-leaf  varieties  of  cabbage  and  lettuce,  contain  much 
more  calcium  than  the  relatively  colorless  inner  leaves  of  the  headed 
varieties,  though  the  phosphorus  contents  are  about  the  same. 
Spinach  and  other  leaf  foods  of  “the  goosefoot  family  (Chenopo- 
diaceae,  including  beet  greens,  chard,  lambsquarters,  and  spinac  ) 


PHOSPHORUS  AND  CALCIUM 


135 


have  been  found  to  contain  relatively  large  amounts  of  oxalic  acid 
which  interfere  with  the  utilization  of  calcium.  T.  he  Gompositae 
(including  dandelion,  endive,  escarole,  and  lettuce)  and  the 
Cruciferae  (including  broccoli,  Brussels  sprouts,  cabbage,  collards, 

Table  14.  Calcium  and  Phosphorus  Contents  of  Typical  Foods: 

Averages  of  Data  Available  in  1949 


Food 

Calcium 

Percentage 

Phosphorus 

Percentage 

Foods  of  Animal  Origin 

Beef,  lean  muscle 

0.011 

0.203 

Eggs 

0.054 

0.210 

Milk 

0.118 

0.093 

Cheese,  Cheddar  type 

0.873 

0.610 

cottage 

0.082 

0.263 

Grain  Products 

Oatmeal 

0.054 

0.365 

Wheat,  entire 

0.038 

0.385 

White  flour 

0.019 

0.093 

White  bread 

0.05tt 

0.10* 

Fruits  and  Vegetables 

Apples 

0.006 

0.010 

Broccoli,  flowerbud 

0.089 

0.111 

leaves 

0.318 

0.067 

twigs 

0.073 

0.038 

Oranges 

0.033 

0.023 

Potatoes 

0.011 

0.056 

ul'-au  vanes  ii um  doout  u.uz  to  about  U.Uo  per  cent  ac¬ 
cording  to  the  amounts  of  milk  solids  and  “yeast  food”  used. 

'Phosphorus  also  varies  with  ingredients  used  in  breadmaking,  but  not  so  much 
as  does  the  calc, urn  content.  This  is  partly  because  milk  contains  somewhat  more 

o.heiU*a„  pnhosp°hal'erS’  a"d  Par“V  Chi^  “*<*”> 

kak,  kohlrabi,  mustard  greens,  turnip  greens,  and  watercress)  con¬ 
tain  only  insignificant  amounts  of  oxalic  acid  and  are  correspond¬ 
ingly  better  sources  of  calcium*  These  statements  are  based  on 
determinations  of  oxalic  acid  in  many  specimens  and  by  several 
investigators,  while  the  direct  experimentation  upon  calcium  utili- 

274  R  ab.°“;  1°  f°°ds'  !ce  Taylor  a"d  MacLeod,  page 

millan)  °'  laboratory  Handbook  for  Dietetics  (Mac- 
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zation  has  been  chiefly  with  (1)  spinach,  (2)  loose-leaf  lettuce,  and 
(3)  kale  and  Chinese  cabbage,  as  respectively  representing  the 
three  botanical  families  whose  leaves  are  most  used  as  human  food. 

bpon  bringing  together  the  evidence  of  several  investigations  it 
is  seen  to  be  established  by  well-controlled  experiments  that  the 
calcium  of  cabbage,  collards,  kale,  leeks,  lettuce,  rutabaga  leaves, 
tendergreen,  and  turnip  tops,  like  that  of  milk,  is  well  utilized  in 
nutrition;  while  that  of  spinach,  beet  greens,  and  New  Zealand 
spinach  is  utilized  very  poorly  if  at  all. 

Foods  may  also  have  favorable  influence  upon  calcium  assimila¬ 
tion  in  other  ways  as  well  as  through  the  calcium  that  they  directly 
supply.  Thus  it  has  been  shown  both  by  calcium  balance  experi¬ 
ments  with  children  and  by  experiments  with  rats  whose  calcium 
retention  was  measured  by  actual  analyses  of  their  bodies,  that 
orange  juice  added  to  the  dietary  may  increase  calcium  retention 
to  a  distinctly  larger  extent  than  the  whole  amount  of  calcium 
which  the  orange  juice  itself  contains.  (See  the  papers  by  Chaney 
and  Blunt  (1925)  and  by  Lanford  (1939)  in  the  list  of  Suggested 
Readings  below.) 

Mindel,  Esselen,  and  Fellers  (1939)  find  that  apples  and  cran¬ 
berries  have  a  similar  favorable  effect  upon  calcium  retention. 


Other  Nutritionally  Available  Sources  of  Calcium 

By  making  use  of  the  suggestions  of  the  preceding  section,  most 
readers  of  this  book  can  so  adjust  their  food  budgets  as  to  increase 
their  dietary  intakes  of  calcium  and  some  other  important  nutrients 
with  little  if  any  increase  in  total  expenditure  for  food.  In  areas 
where  this  is  less  easy,  and  in  families  or  institutions  in  which  it  is 
desired  to  increase  the  calcium  intake  with  no  readjustment  what¬ 
ever  in  dietary  pattern,  there  may  be  interest  in  nutritionally  avail¬ 
able  sources  of  calcium  other  than  (and  additional  to)  natural 

foods. 

Such  a  supplementary  source  of  calcium  we  already  have  in 
natural  drinking  waters,  but  these  vary  rather  widely  in  their  cal¬ 
cium  contents. 

A  more  substantial  calcium  supplement  can  be  made  almost 
automatic,  as  McCollum  pointed  out  several  yeais  ago,  by  mixing 
calcium  carbonate  or  phosphate  (or  a  mixture  of  them)  into  the 
household  supply  of  table  and  cooking  salt. 
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As  already  successfully  done  in  Great  Britain,  calcium  could 
be  made  a  regular  part  of  flour  and  bread  enrichment. 

Bones  of  meat  animals  (including  birds  and  fish)  constitute  a 
rich  source  of  calcium  which  can  be  brought  into  human  nutrition 
in  any  (or  more  than  one)  of  an  interesting  variety  of  ways.  The 
simplest  way  is  merely  to  masticate  as  much  as  one  can  of  what¬ 
ever  bones  accompany  the  meat,  fish,  and  poultry  to  the  table. 
Thus  a  Serbian  professor  startled  his  colleagues  of  an  American 
faculty  club  by  un-selfconsciously  eating  the  bones  which  came  in 
his  chicken  pie,  according  to  what  travelers  tell  us  is  the  general 
custom  of  Eastern  Europe  and  the  Middle  East.  The  very  long 
stewing  of  meat-on-its-bone  with  water  and  corn,  observed  by 
LaFarge  among  the  Indians  of  the  American  Southwest,  doubtless 
brings  a  significant  share  of  the  bone  calcium  into  human  nutri¬ 
tion.  The  Oriental  custom  of  preserving  and  cooking  meat-on-the- 
bone  with  vinegar  brings  into  human  (physiological)  consumption 
a  still  larger  proportion  of  the  bone  calcium.  The  fact  that  even 
dry  grinding  makes  the  calcium  of  bones  about  as  available  as 
food  calcium  generally  has  been  established  by  the  laboratory  re¬ 
search  of  Drake,  Jackson,  Tisdall,  Johnstone,  and  Hurst  (1949). 
Ashes  of  leafy  plants  have  been  used  as  a  supplementary  source  of 
dietary  calcium.  Alfalfa-ash  suggests  itself  in  this  connection  and 
could  readily  be  had  in  large  quantities  at  little  cost  if  there  were 
a  demand  for  it. 


Calcium-enriched  meat  has  been  favorably  noticed  by  the  Jour¬ 
nal  of  the  American  Medical  Association. 

Needless  to  say,  salts  and  other  compounds  of  calcium  are  ob- 

tamable  through  chemical  supply  houses  or  as  pharmaceutical 
preparations. 

In  parts  of  the  Orient  the  chewing  of  native  leaves  and  nuts 

prepared  with  lime  is  reported  as  bringing  considerable  amounts  of 

calcium  into  human  nutrition.  Even  without  the  admixture  of 

.™any  e.aVCS  are  already  fairlY  rich  sources  of  calcium. 

sources  ofWcCalcaVe  ° ?Y  fraSmentary  knowledge  of  such  incidental 
-ources  of  calcium,  it  seems  more  probable  that  many  people  living 

memaPrPv0S1  diets  P*  significant  amounts  of  supple¬ 

mentary  calcium  from  sources  which  we  do  not  know  than  that 

our  investigations  have  seriously  overestimated  the  amount  of  cH 

cmm  wh.ch  should  be  recommended  as  an  allowan«  for  he  Sun‘ 

port  of  optimal  nutritional  status.  People  can  live  o„  t,X 
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amounts  than  those  of  the  Recommended  Allowances,  but  prob¬ 
ably  are  not  then  so  well  off  in  the  long  run  of  a  life-time. 


EXERCISES:  for  student,  or  for  instructor, 
or  for  both  as  a  group  project 

1.  Calculate  the  amounts  of  phosphorus  and  of  calcium  in  the 
dietaries  planned  under  Exercises  2  and  3  of  Chapter  V. 

.  2-  Would  either  more  phosphorus  or  more  calcium  be  desirable  in 
either  of  these  dietaries? 

3.  Tabulate  the  calcium  content  (a)  per  100  grams,  ( b )  per  100 
Calories,  for  each  of  the  forty  foods  of  Exercise  2  of  Chapter  IV. 

4.  If  you  wish  to  increase  the  calcium  content  of  one  of  the  dietaries 
you  have  planned,  can  it  better  be  done  by  changing  the  proportions 
of  foods  it  already  contains,  or  by  substituting  for  one  or  more  of  these 
foods  others  which  you  could  now  select  from  among  the  forty  foods 
of  the  preceding  Exercise? 

5.  Would  you  substitute  weight  for  weight  or  calorie  for  calorie, 
and  why? 
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IX 


IRON  AND  THE  NUTRITION 
OF  THE  BLOOD 


Small  as  is  the  amount  of  iron  in  the  body,  its  functions  are  very 
vital,  as  may  be  seen  from  the  following  five  kinds  of  iron  com¬ 
pounds.  ( 1 )  The  chromatin  substance  of  the  nucleus  of  every  cell 
is  an  iron-protein  compound.  So  is  (2)  the  hemoglobin  which  con¬ 
stitutes  the  outstanding  material  of  the  red  blood  cell  and  has  the 
important  responsibility  of  carrying  oxygen  and  assisting  in  the 
maintenance  of  neutrality  within  the  body.  Closely  related  are  (3) 
myoglobin,  or  muscle  hemoglobin;  and  (4)  the  cytochromes  and 
cytochrome  oxidase  of  active  body  tissues  which  are  said  (Schultze, 
1947)  to  “mediate  about  90  percent  of  the  energy  transfer  asso¬ 
ciated  with  the  aerobic  phases  of  tissue  respiration.”  And  also  (5) 
there  are  other  highly  important  body  enzymes,  such  as  catalases, 
which  contain  iron  as  an  essential  element. 

Beside  these  active  forms,  the  normally  nourished  body  has  a 
variable  amount  of  stored  iron,  largely  in  the  form  of  ferritin — a 
brown  non-diffusible  substance  from  which  the  iron  can  be  released 
as  needed  for  hemoglobin  formation. 

There  is  a  considerable  concentration  of  the  body’s  iron  in  its 
blood,  for  while  the  blood  usually  constitutes  about  7  percent  of 
the  body  weight  it  contains  probably  55  to  60  percent  of  the  body 
iron.  Hence  any  considerable  shortage  of  iron  in  the  body  results 
before  long  in  some  kind  or  degree  of  anemia.  Iron  constitutes  one- 
third  of  one  percent  of  the  hemoglobin  molecule,  and  hemoglobin 
is  the  main  solid  constituent  of  the  red  blood  cell. 

Thus  the  study  of  iron  in  nutrition  is  intimately  interwoven  with 
the  problems  of  hemoglobin  formation  and  regeneration,  the  build¬ 
ing  of  the  red  cells  of  the  blood,  and  the  cure  and  prevention  of 
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anemia.  Here,  as  throughout  this  book,  we  are  interested  in  the 
relations  of  food  and  nutrition  to  health,  but  we  are  leaving  medical 
problems  to  the  physician. 

W  hile  an  iron-poor  body  tends  to  be  anemic,  it  is  important  to 
keep  clearly  and  constantly  in  mind  that  shortage  of  iron  is  not 
the  only  cause  of  anemia.  And  even  an  anemia  curable  by  iron  does 
not  necessarily  owe  its  origin  to  a  shortage  of  iron  in  the  food.  The 
building  and  upkeep  of  the  blood  is  a  complex  process:  it  requires 
iron  as  an  essential  element;  but  it  requires  also  other  things,  and 
right  conditions. 

Copper,  while  not  entering  into  the  constitution  of  the  hemo¬ 
globin  molecule,  exercises  an  essential  influence  upon  the  forma¬ 
tion  of  hemoglobin.  Thus  there  is  the  possibility  that  hemoglobin 
formation  or  regeneration  may  be  retarded  by  shortage  of  copper, 
though  under  ordinary  present-day  conditions  of  life  there  is  strong 
probability  that  the  accidental  intakes  of  copper  will  usually  be 
ample  for  the  body’s  needs.* 

Deficiency  of  cobalt  has  also  been  found  in  some  regions  but  is 
not  (yet,  at  least)  believed  to  be  a  significant  factor  in  human 
nutrition. 

Life-cycle  of  red  blood  cell. — The  red  cells  (erythrocytes)  of  the 
blood  are  conceived  as  being  formed  in  the  bone  marrow,  circulat¬ 
ing  in  the  blood  for  an  average  life-time  of  about  4  months,  and 
finally  undergoing  fragmentation,  probably  in  the  spleen,  liver,  and 
kidneys.  The  wearing-out  of  the  individual  red  cell  or  corpuscle 
involves  the  breakdown  of  the  stroma  or  containing-structure,  and 
also  of  hemoglobin  molecules.  The  main  non-protein  parts  into 
which  hemoglobin  is  broken  down  are:  ( 1)  the  pigment,  bilirubin, 
which  is  then  carried  to  the  liver  and  excreted  in  the  bile,  and  (2) 
iron  compounds  which  may  be  used  again  in  the  formation  of  new 
hemoglobin.  It  was  the  interest  in  this  re-using  of  the  iron  which 
gave  rise  to  the  term  hemoglobin  regeneration.  This  term  gained 
such  currency  that  we  now  sometimes  meet  it  in  scientific  literature 
in  connections  which  seem  to  indicate  that  the  writers  have  used 
it  without  discrimination  as  to  whether  a  real  regeneration  oi  a 
new  formation  of  hemoglobin  is  actually  involved. 


*  Anemias  due  to  copper 
Other  ruminants  of  certain 
(Moore,  1947). 


deficiency  are  recognized  in  the  cattle,  sheep,  and 
districts,  and  also  in  an  occasional  human  infant 


IRON 


143 


Anemia 

The  term  anemia  usually  indicates  a  condition  in  which  the 
blood  is  deficient  (below  normal)  in  hemoglobin,  or  in  red  cor¬ 
puscles,  or  in  both.  Classifications  of  anemia  vary.  Haden  classifies 
the  chief  causes  of  anemia  as  follows: 


I.  Increased  blood  loss 

(a)  Mechanical  loss,  hemorrhage  (discussed  below). 

(b)  Increased  destruction  of  blood  in  the  body,  as  in  cer¬ 

tain  familial  abnormalities,  in  some  infections,  and 
under  the  influence  of  some  toxic  substances. 

II.  Depressed  blood  formation 

(a)  Depressed  bone  marrow  function,  as  in  nephritis, 

tumors  of  the  bone  marrow,  some  infections,  and 
the  toxic  effects  of  some  deleterious  substances. 

(b)  Deficiency  of  specific  substances 

( 1 )  Hypochromic  anemia  type  in  which  the  lack 
is  of  some  substance  or  substances  required  for 
hemoglobin  formation. 

(2)  Pernicious  anemia  type,  having  to  do  with 
depressed  formation  of  the  body  or  stroma  of 
the  red  cell  rather  than  its  hemoglobin. 


The  anemias  may  also  be  characterized  in  terms  of  the  blood 
picture  which  they  presents  One  measurement  so  used  is  the  color 
index,  which  is  the  quotient  resulting  from  the  division  of  hemo- 
globin-in-percentage-of-the-normal  by  number-of-red-cells-in-per- 
centage-of-the-normal.\If  there  is  greater  proportional  reduction  of 
hemoglobin  than  of  red  blood  cells  the  blood  is  said  to  have  a  low 
color  index,  and  the  anemia  is  characterized  as  hypochromic.  In  the 
reverse  condition  where  the  number  of  cells  has  decreased  more  than 
has  the  hemoglobin,  the  color  index  is  said  to  be  high,  and  the  tvoe 
of  anemia,  hyperchromic.  '  ^ 

The  fact  that  a  shortage  of  iron  in  the  food  results,  if  long  con- 
inue  in  anemia,  does  not  necessarily  mean  that  the  majority  of 
cases  o  anemia  are  to  be  attributed  to  shortage  of  dietary  iron 

H^Ven’s  T'rafiy’  °f  thC  fiVC  Ch‘ef  typCS  °f  anemia  recoSn^€d  in 
Haden  s  classification,  only  one  type  can  be  regarded  as  due  to 

■ron  deficiency  in  the  food.  Perhaps  only  a  minority  of  the  eases  of 
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anemia  encountered  can  be  explained  on  the  simple  ground  that 
the  food  was  poor  in  iron  or  protein  or  both.  And  the  fact  that  ad¬ 
ministration  of  iron  is  helpful  does  not  prove  that  the  anemia  oc¬ 
curred  because  of  iron-poor  food.  For,  when  iron  is  given  therapeu¬ 
tically,  the  dosage  is  usually  so  many  times  greater  than  the  iron 
content  of  a  good  average  diet  that  the  iron  therapy  has  more  of  a 
pharmacodynamic  than  of  a  normal  nutritional  aspect.  In  other 
words,  the  prevalence  of  anemia  is  more  a  medical  problem  than 
a  simple  problem  of  food  supply. 

Nutrition  in  the  broader  sense  is  of  course  involved  in  all  such 
processes  as  hemoglobin  formation  and  regeneration  and  in  the 
building  of  the  stroma  of  the  corpuscles,  so  that  in  this  sense  re¬ 
covery  from  anemia  is  largely  a  nutritional  problem  whether  or  not 
the  anemia  occurred  because  of  any  nutritional  deficiency  of  the 
food. 

Correspondingly  we  find  that  experimental  studies  of  anemic 
conditions  have  added  to  our  knowledge  of  nutrition,  and  have 
even  been  utilized  as  a  means  of  evaluating  an  aspect  of  the  nutri¬ 
tive  value  of  foods. 

Three  distinct  types  of  anemia  (hemorrhagic,  pernicious,  and 
iron-deficiency)  have  thus  figured  somewhat  prominently  in  the 
literature  of  nutrition  and  should  be  very  carefully  distinguished; 
for  undiscriminating  statements  regarding  nutritional  anemia  and 
its  cure  by  foods  may  be  very  misleading. 

Hemorrhagic  anemia. — The  word  hemorrhage  tends  to  suggest 
a  sudden  large  loss  of  blood,  but  it  is  to  be  remembered  that  there 
may  be  unseen  gradual  losses  of  blood,  as,  for  example,  through 
the  wall  of  the  alimentary  tract,  which  if  persistent  become  signifi- 

cant. 

A  large  loss  of  blood  at  one  time  obviously  first  reduces  the  volume 
in  circulation.  The  volume,  however,  is  rapidly  restored  by  the 
transfer  into  the  blood  stream  of  fluid  from  the  tissues,  with  corre¬ 
sponding  dilution  of  the  blood  both  as  regards  the  concentration  of 
red  cells  and  of  their  hemoglobin.  Then,  in  the  regeneration  of  blood 
after  hemorrhage,  new  red  cells  are  formed  more  rapidly  than  is 
hemoglobin,  so  that  the  red  cell  count  becomes  normal  earlier  than 
does  the  concentration  of  hemoglobin  and  the  depth  of  red  color. 
In  this  state  the  blood  is  said  to  have  a  low  color  index.  This  condi¬ 
tion  of  low  color  index  (greater  paucity  of  hemoglobin  than  o 
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erythrocytes)  is  quite  similar  whether  it  results  from  a  single  large 
loss  of  blood  or  from  the  chronic  loss  of  small  amounts. 

In  the  rebuilding  of  the  blood  to  normal  after  anemia  has  resulted 
from  hemorrhage,  the  problem  usually  seems,  therefore,  to  center  in 
the  question  of  inducing  restoration  of  the  hemoglobin ;  but  to  take 
it  as  simply  a  hemoglobin  problem  may  be  misleading.  For  hemor¬ 
rhage  depletes  the  blood  of  all  its  characteristic  constituents,  and 
while  the  body  usually  restores  the  others  more  rapidly,  thus  leav¬ 
ing  hemoglobin  as  the  limiting  factor  in  the  regeneration,  the  extent 
to  which  this  is  true  may  depend  very  largely  upon  the  body-stores 
of  the  individual  as  determined  by  the  previous  nutritional  history, 
and  perhaps  still  more  largely  upon  the  nature  of  the  dietary  dur¬ 
ing  the  period  in  which  the  rebuilding  of  the  blood  is  being  ob¬ 
served.  Whipple,  who  has  experimented  very  extensively  and 
systematically  with  hemorrhagic  anemia  in  dogs,  early  recognized 
the  importance  of  both  these  latter  factors.  To  control  individual 
variations,  he  keeps  his  animals  under  continuous  laboratory-sani¬ 
tarium  care  and  observation  between,  as  well  as  during,  the  experi¬ 
mental  periods,  and  to  prevent  unknown  influences  entering 
through  the  food,  Whipple  has  long  used  a  basal  diet  which  he 
worked  out  and  standardized  for  this  purpose.  This  feature  is  of 
great  value  in  giving  precision  and  validity  to  his  comparisons  of 
different  “experimental  variables”  tested  as  additions  to  the  stand¬ 


ard  basal  dietary.  The  reader,  however,  in  interpreting  this  and 
other  work,  should  keep  constantly  in  mind  the  fact  that  if  some 
other  basal  diet  had  been  just  as  carefully  devised  and  systemati¬ 
cally  employed  it  might  have  given  the  findings  a  somewhat  dif¬ 
ferent  aspect  throughout. 

Hemorrhagic  anemia,  iron-deficiency  anemia,  and  pernicious 
anemia  are  all  in  a  sense  nutritional;  but  if  it  be  asked  how  any 
gi\  en  foods  compare  as  to  value  in  nutritional  anemia,  the  answer 
must  depend  upon  the  type  of  anemia  in  question.  The  value  of 
any  food-supplement  in  the  Whipple  type  of  hemorrhagic  anemia 
is  its  value  as  a  source  of  what  is  most  needed  to  make  good  the 
difference  between  what  has  been  removed  from  the  body  by 
hemorrhage  and  what  the  basal  experimental  diet  supplies;  while 
in  the  second  type  of  anemia  the  value  will  depend  more  specifically 
upon  iron  (or  iron  and  copper);  and  in  the  pernicious  anemia 
type  the  nutritional  need  is  not  for  iron  or  copper,  and  may  or  may 
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not  overlap  the  need  of  the  hemorrhagic  type  hut  certainly  is  not 
identical  with  it.  For,  as  already  briefly  mentioned,  hemoglobin  is 
usually  the  limiting  factor  in  the  rebuilding  of  blood  after  hemor¬ 
rhage,  while  the  building  of  the  red  cell  stroma  is  usually  the  limit¬ 
ing  factor  in  pernicious  anemia;  and  the  specific  substance  seems 
now  to  have  been  identified  as  vitamin  B12. 

Pernicious  anemia  type. — The  type  of  anemia  which  was  desig¬ 
nated  as  pernicious  at  a  time  when  it  seemed  peculiarly  resistant, 
both  to  therapy  and  to  scientific  understanding,  has  now  been 
largely  conquered.  Or  perhaps  we  should  rather  say  that  it  has 
been  largely  solved  as  a  scientific  problem  and  the  means  for  the 
therapeutic  conquest  of  individual  cases  as  they  arise  are  now 
available  and  widely  understood.  The  blood  picture  in  pernicious 
anemia  is  mainly  that  of  deficient  formation  of  red  cells,  these 
being  usually  subnormal  in  number,  often  irregularly  shaped,  and 
variable  in  size,  but  with  many  very  large  cells,  hence  a  greater 
than  normal  average  size  (hence  the  term  macrocytic  anemias). 

Moreover,  the  sufferer  from  pernicious  anemia  characteristically 
shows  deficient  gastric  secretion. 

Through  the  researches  of  Castle  and  others,  an  explanation  of 
the  specific  need  in  pernicious  anemia  was  suggested  in  terms  of 
two  factors,  the  intrinsic  and  the  extrinsic.  According  to  this  view, 
the  extrinsic  factor  is  furnished  by  the  food  (in  Castle’s  experiments 
by  beef),  and  the  intrinsic  factor  is  furnished  by  a  normal  gastric 
juice.  These  two  factors  react  to  form  the  anti- pernicious  anemia 
substance.  The  primary  cause  of  a  typical  case  of  pernicious  anemia 
is  (according  to  this  view)  an  abnormality  of  the  gastric  juice 
which  renders  it  inadequate  as  a  source  of  the  intrinsic  factor,  and 
the  remedy  consists  either  in  re-establishing  the  normal  functioning 
of  the  stomach  as  a  secretory  organ  or  in  supplying  the  anti-perni¬ 
cious  anemia  substance  in  some  artificial  way.  Liver  and  liver  ex¬ 
tracts  have  been  largely  used  for  this  latter  purpose. 

Certain  other  kinds  of  anemia  in  which  the  blood  picture  re¬ 
sembles  that  of  pernicious  anemia  (macrocytic  anemias)  were 
thought  to  be  caused  by  a  dietary  deficiency  of  extrinsic  factor, 
still  others  by  poor  absorption  of  this  factor  from  the  intestinal 
tract,  and  yet  others  by  a  combination  of  circumstances. 

Recently  certain  vitamin  factors  have  been  discovered  to  stimu¬ 
late  blood  formation  in  anemias  of  this  sort,  but  their  relationships 
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to  one  another  and  to  the  classic  Castle  concept  of  macrocytic 
anemias  are  not  yet  (1950)  altogether  clear.  First,  folic  acid 
(pteroylglutamic  acid),  a  “B-vitamin”  identified  as  to  molecular 
structure  in  1946,  was  shown  to  cause  prompt  and  dramatic  im¬ 
provement  of  the  blood  picture  in  pernicious  anemia  and  other 
anemias  of  this  type.  For  some  macrocytic  anemias,  folic  acid  ap¬ 
pears  to  be  fully  effective;  but  it  does  not  cure  the  nervous  symp¬ 
toms  (“combined  system  disease”)  which  are  in  some  cases  a  part 
of  true  pernicious  anemia.  Then,  in  1948,  a  red  crystalline  product, 
which  has  been  called  vitamin  Bi2,  was  separated  from  liver  and 
found  to  produce  rapid  blood  restoration  and  cure  of  nervous  and 
other  symptoms  when  injected  into  patients  with  pernicious 
anemia.  For  full  effectiveness  when  taken  by  mouth,  however, 
simultaneous  administration  of  normal  gastric  juice  appears 
necessary  in  the  pernicious  anemia  patients.  At  the  time  this  is 
written,  the  Harvard  group  inclines  to  the  view  that  the  action  of 
the  intrinsic  factor  is  to  facilitate  absorption  of  the  dietary  vitamin 
Bi2  (which  they  regard  as  the  extrinsic  factor)  rather  than  actually 
to  react  with  it,  as  postulated  in  the  original  Castle  theory. 

Thus  both  folic  acid  and  vitamin  B12  seem  to  be  essentially  con¬ 
cerned  in  normal  red  blood  cell  formation  (erythropoiesis)  ;  but 
how  and  to  what  extent  they  are  interrelated  in  this  function  is  not 
yet  clear.  Furthermore,  there  are  indications  that  still  other  uniden¬ 
tified  factors  may  also  play  a  part.  From  the  practical  viewpoint 
of  pernicious  anemia  as  it  is  seen  in  the  clinic,  however,  “it  seems 
established  that  vitamin  B,2  is  a  completely  effective  therapeutic 
agent  {Current  Research,  August  1949). 

,,  fr.m-dcficieiicy  anemia.— The  anemia  familiarly  produced  in 
the  laboratory  by  keeping  young  animals  an  abnormally  long  time 
on  a  diet  of  milk  alone,  has  been  shown  to  be  due  to  a  deficiency 
Of  iron  or  copper,  or  both.  If  this  condition  were  encountered 
clinically  it  would  be  classified  as  a  hypochromic  anemia  because 
t  shows  a  low  color  index,  i.e„  a  greater  deficiency  in  hemoglobin 
than  in  erythrocyte  count.  And  if  the  low  color  index  was  not  sec" 

toxic  Liditira^  infective  or  other 

hypochromic  anemia.  a.  s,fied  as  one  of  idiopathic 
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But  the  doses  of  iron  used  to  effect  a  cure  are  usually  so  many-fold 
greater  than  the  amounts  contained  in  any  ordinary  dietary  that  the 
success  of  the  iron  therapy  can  not  logically  be  interpreted  as  indi¬ 
cating  that  the  anemia  was  due  to  simple  shortage  of  food-iron.  It 
is  thought  that  the  menstrual  hemorrhage  may  perhaps  play  the 
dominant  part  in  the  origin  of  these  hypochromic  anemias  of 
women;  and  as  they  appear  in  some  women  on  the  same  sort  of 
diet  on  which  other  women  maintain  a  normal  condition  of  the 
blood,  the  term  idiopathic  may  therefore  appropriately  carry  the 
suggestion  that  the  woman  who  is  less  fortunate  in  this  respect  may 
be  the  victim  of  an  idiosyncrasy  in  hemoglobin-economy,  either 
losing  more  than  other  women  or  being  slower  in  rebuilding  what 
has  been  lost.  To  the  extent  that  this  view  is  adopted,  the  question 
then  naturally  arises  whether  “standards”  for  the  iron  contents  of 
women’s  dietaries  should  be  set  so  high  as  to  provide  (if  possible) 
for  the  idiopathic  losses  of  the  few  as  well  as  the  normal  nutri¬ 
tional  needs  of  the  many.  To  attempt  to  give  all  dietaries  a  degree 
of  richness  in  iron  which  is  far  beyond  the  needs  of  most  people  may 
unduly  complicate  the  planning  of  diets  and  the  general  food  sup¬ 
ply  problem.  The  policy  of  leaving  idiosyncratic  needs  (idiop- 
athies)  to  be  treated  as  individual  medical  problems  is  certainly 
safer  in  the  case  of  iron  than  of  most  other  nutritional  factors  be¬ 
cause  an  iron-poor  condition  of  the  body  declares  itself  more 
promptly  and  unmistakably  than  perhaps  any  other  nutritional 
subnormality  and  is  apt  (we  may  hope)  to  be  noted  and  to  re¬ 
ceive  medical  attention  before  it  becomes  a  significant  hazard  to 
health  or  efficiency. 

Other  nutritional  anemias. — Sebrell  (1949)  has  listed,  in  addi¬ 
tion  to  the  above,  other  nutritional  anemias  due  to  shortages  of 
other  factors  including  amino  acids,  pyridoxine,  pantothenic  acid, 
niacin,  vitamin  C,  and  riboflavin.  Some  of  these  factors  will  appear 
more  fully  in  later  chapters. 


Iron  Requirements  in  Normal  Nutrition 

Here  as  in  our  other  quantitative  studies  of  nutritional  needs  we 
shall  probably  do  best  to  start  by  asking  how  much  need  be  metab¬ 
olized  by  the  healthy  adult.  .  . 

The  reported  studies  bearing  on  the  problem  of  minimum  re 
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quirements  for  adult  maintenance  are  less  numerous  in  the  case  of 
iron  than  those  on  nitrogen,  calcium,  and  phosphorus  already  con¬ 
sidered.  Furthermore,  the  experimental  determinations  of  iron  in 
foods  and  excreta  are  especially  liable  to  error  through  contamina¬ 
tion  of  the  samples  with  iron  from  the  ordinary  dust  of  laboratory 
air  or  from  the  utensils  in  or  with  which  they  are  handled.  For  this 
reason,  and  because  special  problems  of  interpretation  arise  in  the 
case  of  iron,  a  considerable  measure  of  critical  weighing  and  selec¬ 
tion  of  the  data  must  at  the  present  time  enter  into  any  estimate 
of  minimum  need.  However,  without  attempting  to  draw  an  aver¬ 
age  of  all  available  figures,  it  may  be  pointed  out  that  several  recent 
studies  (in  which  the  pitfalls  of  iron-balance  determinations  seem 
to  have  been  largely  avoided)  agree  in  indicating  something  in  the 
neighborhood  of  6  milligrams  of  food  iron  daily  as  the  usual  need 
for  normal  adult  maintenance. 

There  are  also  indications  that  the  amount  of  iron  which  any 
given  individual  must  ingest  in  order  to  balance  the  iron  losses 
from  the  body  depends  in  part  on  the  quality  of  the  diet  in  other 
respects  than  its  iron  content.  For  example,  in  a  study  by  Leverton 
and  Marsh  ( 1942)  one  group  of  young  women  who  were  receiving 
an  average  of  7.21  milligrams  of  iron  and  what  the  authors  con¬ 


sidered  an  otherwise  superior  diet  were  able  to  store  1 .55  milligrams 
of  iron,  while  another  group  with  almost  the  same  iron  intake  (7.09 
milligrams)  but  whose  diets  were  less  favorable  in  other  regards 
showed  an  average  net  loss  of  1.30  milligrams  of  body  iron  daily. 

Earlier  studies  had  shown  also  that  on  nutritionally  well- 
balanced  diets  the  body  seems  able  to  maintain  equilibrium  of 
iron  with  a  lower  intake  than  is  required  when,  for  instance,  the 
iet  is  either  deficient  in  calcium,  or  contains  an  excessive  addi¬ 
tion  of  a  calcium  salt.  Similarly  the  adequacy  of  intake  of  calcium 
where  this  was  the  sole  variable,  was  shown  by  Mendel,  Smith 
and  Orten  to  have  an  important  influence  on  the  use  of  iron  by 
animals  m  a  different  kind  of  experiment.  And  in  British  experi- 
s  with  sheep  on  quite  ordinary  low-calcium  food  supplies 
representative  of  the  diets  of  many  people)  Sir  John  Boyd  Orr 

bncV  a?  the  SheCp  continued  t0  lose  calcium  from  their 

bodies,  they  also  grew  anemic. 

The  problem  Gf  the  maintenance  requirement  of  iron  bv  adults 
18  fUrthCr  C°mPlica"d  ^  the  question.  How  shall  the  ‘‘matte- 
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nance  allowance  provide  for  the  menstrual  blood-loss  and  its  re¬ 
placement  in  women?  Estimates  of  the  amount  of  iron  leaving  the 
body  in  the  menses  vary  too  greatly  for  satisfactory  discussion.  A 
part,  no  doubt,  of  this  disconcertingly  large  variation  in  the  re¬ 
volted  data  is  due  to  physiological  variations  among  “ostensibly 
healthy"  women.  But  undoubtedly  another  cause  of  divergence 
lies  in  experimental  errors.  As  already  indicated,  many  articles  in 
our  everyday  environment,  as  well  as  the  invisible  dust  of  most 
laboratories,  contain  amounts  of  iron  which  are  large  compared 
with  the  amounts  involved  in  nutrition.  Hence,  analytical  data  are 
subject  to  large  or  small  plus  errors  in  the  case  of  iron.  But,  whether 
one  accepts  the  lower  reported  figures,  which  correspond  to  an 
average  loss  throughout  the  entire  month  of  0.1  milligram  daily,  or 
the  much  higher  ones,  which  suggest  an  average  daily  loss  of  fully 
one  milligram  of  iron,  current  dietary  recommendations  provide 
what  seems  to  be  a  liberal  margin  of  safety  to  cover  such  losses. 

The  National  Research  Council  Committee  on  Food  and  Nutri¬ 
tion  recommends  a  daily  allowance  for  normal  adult  maintenance 
of  12  milligrams  of  food  iron  for  men  and  women  alike.  For  preg¬ 
nancy  and  for  lactation  the  recommendation  is  raised  to  15  milli¬ 
grams.  Some  physicians,  including  Strauss  of  the  Harvard  Medical 
School,  recommend  the  regular  inclusion  of  supplementary  iron 
salt  in  the  dietaries  of  pregnant  women.  It  may  prove  wise  to  ex¬ 
tend  this  provision  to  such  other  women  also  as  may  appear  to 
their  physicians  to  have  (for  any  known,  or  even  unknown,  rea¬ 
son)  a  requirement  for  more  iron  than  a  “good  average”  dietary 
will  regularly  supply,  for  an  attempt  at  great  enrichment  of  the 
iron  content  of  the  diet  through  food  selection  may  distort  the 
dietary  or  the  food  budget  by  the  inclusion  of  an  undue  propor¬ 
tion  either  of  fibrous  or  of  expensive  food  materials.  Perhaps  it  can 
be  considered  that  this  is  now  taken  care  of  by  the  general  use  of 
iron-enriched  flour,  bread,  and  breakfast  cereals. 

Moore  ( 1947)  points  out,  with  reference  to  the  practice  of  blood 
donation  (which  has  become  so  widespread  in  the  past  decade)  j 
that  each  pint  of  blood  so  withdrawn  represents  a  loss  of  200  to 
250  milligrams  of  iron;  so  that,  four  or  more  such  donations  by 
one  person  in  a  year  may  make  it  difficult  to  compensate,  for  this 
loss  of  iron,  through  food  alone.  He  therefore  recommends  that 
blood  donors  take  supplementary  iron,  but  not  in  such  quantities 
as  are  considered  “full  therapeutic  doses.” 


IRON 


151 


Iron  in  the  Nutrition  of  Children 

The  normal  child  is  born  with  a  considerable  store  of  reserve 
iron  in  the  body.  Undoubtedly  this  endowment  at  birth  is  of  value 
to  the  baby’s  prospect  of  survival,  of  healthy  development,  and 
of  having  a  healthy  and  vigorous  progeny  in  its  turn. 

Or,  in  a  different  way  of  speaking,  “Nature  finds  it  more  efficient 
and  safer”  to  transfer  this  iron  to  the  baby  through  the  mother  s 
placenta  than  through  her  mammary  glands  in  lactation.  For, 
while  milk  contains  iron,  and  in  favorable  conditions  the  milk  iron 
is  well  utilized,  still  there  are  certain  digestive  hazards  which  are 
avoided  or  minimized  by  the  advantage  which  the  newborn  baby 
enjoys  of  having  enough  iron  already  stored  in  his  body  to  meet 
the  iron  requirements  of  his  normal  development  for  perhaps  six 
months  if  he  absorbed  no  iron  from  his  food,  or  perhaps  a  year 
when  he  absorbs  a  normal  proportion  of  the  rather  small  amount 
of  iron  which  milk  contains. 

Both  the  reserve  iron  stored  in  the  body  before  birth  and  the 
food  iron  absorbed  by  the  baby  are  largely  used  in  the  building 
of  hemoglobin.  Even  so,  if  the  baby  grows  rapidly  his  body  size 
may,  and  in  the  majority  of  cases  does,  increase  somewhat  faster 
than  the  total  body  hemoglobin,  with  the  result  that  the  child  goes 
through  a  period  of  what  is  oddly  called  “physiological  anemia.” 
More  clearly  stated,  such  a  child  is  in  a  normal  (physiological) 
phase  of  his  development  and  need  not  (should  not)  be  considered 
anemic  even  if  his  hemoglobin  percentage  is  lower  than  at  other 

ages,  or  perhaps  than  in  more  slowly  growing  children  of  the  same 
age. 

The  recommendations  of  the  National  Research  Council  Com¬ 
mittee  on  Food  and  Nutrition  (reproduced  in  full  in  Table  42  in 
the  Appendix)  provide  for  growing  children  daily  intakes  of  iron 
ranging  upward  with  increasing  age  from  6  milligrams  during  the 
first  year  to  15  milligrams  during  adolescence.  Viewed  in  the  light 
of  such  experimental  evidence  as  we  have  on  actual  requirement 
these  allowances  appear  generous. 


Iron  and  Copper  in  Foods 

irnn1rle,''VhftfCaj  be  attached  to  such  statements  regarding  the 
ron  content  of  foods  as  were  based  upon  the  data  obtainable  from 
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the  ordinary  tables  of  ash  analyses  of  the  past,  as  these  were  usually 
obtained  by  methods  which  are  likely  to  over-estimate  greatly  the 
amount  of  iron.  Afore  recently,  other  methods  of  estimating  iron 
have  come  into  use  which  are  liable  to  relatively  large  laboratory 
errors  in  both  directions.  Table  15  shows  the  approximate  amounts 
of  iron  now  believed  to  be  present  in  the  average  edible  portion  of 
typical  food  materials  expressed  (1)  in  milligrams  per  100  grams 
of  edible  material,  (2)  in  milligrams  per  100  grams  of  protein, 
and  (3)  in  milligrams  per  3000  Calories. 

Iron  contents  of  many  other  foods  will  be  found  in  the  Appendix. 

Estimates  of  the  amounts  of  iron  contained  in  many  American 
family  food  supplies  have  been  made.  The  majority  of  these  were 
found  to  furnish  about  15  to  20  milligrams  of  iron  per  man  or 
“consumption  unit'5  per  day.  Apparently,  therefore,  the  typical 
American  dietary  contained  a  much  better  surplus  of  iron  than  of 
calcium,  even  before  the  enrichment  program  which  now  safe¬ 
guards  the  iron  still  further.  Yet  the  following  notes  on  the  iron 
contents  of  different  types  of  food  are  still  of  interest. 

Meats  constitute  a  prominent  source  of  iron  in  American  dietaries. 
In  ordinary  muscle  meats  the  iron  exists  chiefly  as  hemoglobin,  be¬ 
longing  in  part  to  the  muscle  cells  and  in  part  to  retained  blood. 
Since  fatty  tissue  contains  much  less  iron,  the  iron  content  of  fat 
meat  is  much  lower  than  that  of  lean,  and  in  order  to  establish  a 
useful  general  estimate  of  the  amount  of  iron  in  meat  it  seems  best 
to  refer  the  iron  to  the  protein  content  rather  than  to  the  gross 
weight  of  the  meat.  The  results  will  still  be  influenced  by  the  extent 
to  which  the  blood  has  been  either  accidentally  or  intentionally 
removed  from  the  muscle. 

For  fresh  lean  beef  (containing  the  usual  proportion  of  blood) 
the  results  collected  by  Sherman  averaged  0.00375  per  cent  iron, 
but  Forbes  and  Swift  (1926)  reported  considerably  lower  results, 
0.0024  to  0.0025  per  cent.  Hence,  in  computing  the  data  for  Table 
15,  a  value  intermediate  between  the  averages  of  the  two  sets  of 
findings  has  been  used. 

Some  years  ago,  chiefly  as  a  means  of  avoiding  the  serious  dis¬ 
crepancies  which  might  otherwise  arise  from  the  great  variability 
of  meat  in  fatness,  it  was  suggested  that  a  rough  estimate  of  the 
amount  of  iron  furnished  by  the  meat  of  a  dietary  might  be  made 
by  assuming  that  with  every  100  grams  of  protein  the  meat  would 
furnish  about  0.015  gram  (15  milligrams)  of  iron.  This  estimate 


IRON 


153 


Forbes  and  Swift  consider  to  be  “a  little  high  for  beef  and  veal,  and 

much  too  high  for  lamb  and  pork,  while  it  does  not  apply  at  all 

Table  15. 

Iron  in  Edible  Portion 

of  Typical  Foods 

Iron/ 100  G. 

Iron/ 100  G. 

Iron/ 3000 

Food 

Fresh  Substance 

Protein 

Calories 

milligrams 

milligrams 

milligrams 

Beef,  clear  lean 

3.0“ 

13 

00 

o 

s 

Beefsteak,  medium  fat 

2.7“ 

13 

38“ 

Eggs 

2.7 

21 

51 

Egg  yolk 

7.2 

44 

61 

Oatmeal 

4.5 

32 

35 

Rice,  white 

0.7 

11 

8 

Beans,  dried 

6.9 

33 

60 

Carrots 

0.8 

67 

53 

Kale 

2.2 

56 

132 

Potatoes 

0.7 

35 

25 

Apples 

0.3 

100 

14 

Bananas 

0.6 

50 

18 

Oranges 

0.4 

44 

24 

Prunes,  dried 

3.9 

170 

39 

a  Figures  for  meats  can  be  only  rough  approximations  because  of  variations  in 

fatness,  as  well  as  differences  between  different  cuts.  Forbes  and  Swift  report  that 
organs  contain  more  iron  than  muscle  meats,  while  pork  and  lamb  contain  much 


dosdy  in  relation  to  heart,  brain,  liver,  spleen,  kidney,  and  blood.” 

J .0*  these  latter  are  such  minor  products  in  comparison  with 
ordinary  muscle  meats  that  even  if  completely  utilized  as  human 
ood  their  effect  would  be  to  raise  but  slightly  the  percentage  of 
non  ,n  the  meat  supply  as  a  whole.  Hence  it  appears  from  the 

/  ,°  .  °rbfi  and  Swift  that  the  custom  of  assuming  in  dietary 
legations  that  meats  furnish  about  15  milligrams  of  iron  per 

00  grams  of  protein  has  somewhat  overestimated  the  value  of  beef 

rr  £  sL-zsssxt  elzszs 
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The  copper  content  of  beefsteak  was  found  by  Lindow,  Elveh- 
jem,  and  Peterson  to  be  about  one  part  in  1,000,000;  and  other 
beef  products  showed  very  similar  figures,  except  liver,  which  con¬ 
tained,  weight  for  weight,  about  twenty  times  as  much  copper  as 
muscle  tissue. 

Eggs. — The  edible  portion  of  hens’  eggs  has  shown  as  the  average 
of  several  analyses  approximately  0.003  per  cent  of  iron.  Whether 
the  iron  content  of  eggs  can  be  increased  materially  by  giving  to 
poultry  food  rich  in  iron,  is  a  disputed  question.  It  seems  probable 
that  both  the  relatively  high  iron  content  of  the  egg  and  its  copper 
content  of  about  two  parts  per  million  are  properties  rather  def¬ 
initely  fixed  by  nature.  In  experiments  at  the  University  of  Wiscon¬ 
sin  the  iron  and  copper  contents  of  eggs  remained  practically  un¬ 
changed  when  the  diet  of  the  hen  was  enriched  with  added  iron, 
or  copper,  or  both.  There  would  seem  to  be  no  room  for  doubt  re¬ 
garding  the  assimilation  and  utilization  of  the  iron  compounds  of 
eggs,  since  they  serve  for  the  production  of  all  the  iron-containing 
substances  of  the  blood  and  tissues  of  the  newborn  chick,  there 
being  no  introduction  of  iron  from  without  during  incubation. 
Iron-balance  experiments  with  young  women  have  shown  that  the 
iron  of  egg  is  also  highly  efficient  in  human  nutrition.  As  already 
noted,  Dr!  Mary  S.  Rose,  after  special  experimental  investigation, 
considered  eggs  in  all  respects  equal  to  liver  in  normal  nutrition. 

Milk. _ Analyses  of  samples  of  cows’  milk  of  widely  different 

origin  have  given  results  varying  both  with  the  milk  and  with  the 
analyst.  We  here  use  the  figure  of  the  government  table  of  com¬ 
position  of  food.  The  iron  of  milk  is  readily  absorbed  and  assim¬ 
ilated.  Moreover,  metabolism  experiments  indicate  that  the  iron 
of  milk  is  likely  to  be  utilized  to  especially  good  advantage,  perhaps 
on  account  of  its  association  with  a  liberal  (but  not  excessive) 
proportion  of  calcium,  and  with  other  materials  of  high  body 

building  value.  .  .  ... 

According  to  work  at  the  University  of  Wisconsin,  milk  contains 

only  0.000015  per  cent  of  copper,  and  neither  the  iron  nor  the  cop¬ 
per  content  of  milk  is  much  influenced  by  the  feeding  of  iron  or 
copper  salts,  or  both,  in  addition  to  the  norma  ration  of  the  cow. 
Thus  milk  is  apparently  rather  well  stabilized  by  nature  in  the 
matter  of  its  calcium,  phosphorus,  iron,  and  copper  contents.  1 
Tact  that  the  Wisconsin  workers  find  a  higher  copper  content  m 
calves’  liver  than  in  beef  liver  may  perhaps  be  taken  as  an  indica- 
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tion  that  the  body  of  the  young  mammal  is  thus  provided  with  a 
reserve  store  of  copper  as  well  as  of  iron  at  birth. 

Grain  products. — Iron  occurs  in  considerable  quantity  in  the 
cereal  grains,  but  the  greater  part  of  it  is  in  the  germ  and  outer 
layers,  and  so  is  rejected  in  the  making  of  the  “finer”  mill  prod¬ 
ucts,  though  now  largely  restored  in  “enriched”  flour  and  bread. 
To  test  the  value  of  the  iron  in  the  outer  layers  of  the  grain,  Bunge 
a  generation  ago  carried  out  the  following  experiment: 

A  litter  of  eight  rats  was  divided  into  two  groups  of  four  each. 
One  group  was  fed  upon  bread  from  fine  flour,  the  other  upon 
bread  made  from  flour  including  the  bran.  At  the  end  of  the  fifth, 
sixth,  eighth,  and  ninth  weeks,  respectively,  one  rat  of  each  group 
was  killed,  and  the  gain  in  weight,  the  total  amount  of  hemoglobin, 
and  the  percentage  of  hemoglobin  in  the  entire  body  were  deter¬ 
mined. 

Here  the  bran-fed  rats  not  only  made  a  much  greater  general 
growth,  but  developed  both  a  greater  amount  and  a  higher  per¬ 
centage  of  hemoglobin.  There  can  be  no  doubt  that  the  iron  and 


other  ash  constituents  of  the  outer  layers  of  the  wheat  were  well 
utilized  in  these  cases. 

More  recent  work  of  M.  S.  Rose  and  her  collaborators  also 
shows  clearly  the  good  utilization  of  the  iron  of  whole  wheat  in 
hemoglobin  formation  as  tested  with  rats;  and  the  high  efficiency 
of  the  iron  of  whole  wheat  in  human  nutrition  as  measured  in 
balance  experiments  with  young  women. 

So  far  as  iron  is  concerned,  however,  “enrichment”  aims  to  re¬ 
store  an  equivalent  for  what  was  lost  in  the  milling  of  white  flour. 

Fruits  and  fresh  vegetables  are  often  regarded  as  of  low  nutri¬ 
tive  value  because  of  their  high  water  content  and  low  proportions 
of  protein  and  fat;  but  largely  for  this  very  reason  they  may  be 
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tamed  under  the  same  market  conditions.  Gillett  and  Rice  also 
found  that  the  general  advance  of  nutrition  consciousness  and  diet¬ 
ary  intelligence  had  similarly  improved  the  typical  family  food 
supplies  of  the  New  York  City  poor  between  1914-15  and  1928-29. 
This  was  found  by  the  use  of  the  data  for  iron  in  foods  which  were 
available  some  years  ago.  Peterson  and  his  coworkers  suggested 
that  fruits  and  vegetables  generally  may  have  even  higher  iron 
values  than  hitherto  appreciated.  This  led  to  a  large  number  of 
new  determinations  of  iron  in  fruits  and  vegetables  by  Stiebeling, 
who  also  computed  new  general  averages  for  fruits  and  vegetables 
which  took  account  of  Peterson’s  and  other  data  as  well  as  her  own. 
All  these  (and,  of  course,  also  more  recent)  data  have  been  utilized 
in  obtaining  the  averages  used  in  this  book. 


Current  Applications  and  Interpretations 


Stiebeling  and  Phipard  found  in  the  dietaries  of  a  group  of  26 
East  North  Central  families  that  fruits  and  vegetables  furnished 
34  per  cent  of  the  total  food  iron;  meats,  including  poultry  and 
fish,  29  per  cent;  grain  products,  19  per  cent;  eggs,  10  per  cent; 
milk  and  its  products,  7  per  cent;  and  miscellaneous  items,  1  per 
cent. 

Whether  and  to  what  extent  the  iron  of  one  group  of  foods  has 


a  higher,  and  that  of  another  group  of  foods  a  lower,  availability 
or  utilizability  in  normal  nutrition,  are,  in  our  opinion,  questions 
which  cannot  yet  be  answered  definitely. 

Furthermore,  we  would  emphasize  that  the  foregoing  dietary 
allowances  for  food  iron  do  not  need  general  upward  revision  be¬ 
cause  of  recent  and  current  findings  indicative  of  low  “availability” 
or  “utilization”  of  the  iron  of  everyday  foods,  because  it  is  upon 
iron-balance  experiments  with  just  such  everyday  foods  that  dietary 
standards  have  been  based. 

The  figures  for  iron  contents  of  foods  given  in  Table  15  and  in 
the  Appendix  of  this  book  are  those  of  the  U.  S.  Department  of 

Agriculture’s  Agriculture  Handbook  No.  8. 

These  averages  are  in  a  fair  proportion  of  cases,  including  most 
of  the  more  important  food  sources  of  iron,  the  results  of  analyses 
of  samples  so  numerous  and  from  so  many  sources  that  as  gen¬ 
eral  averages  thev  probably  will  be  relatively  little  changed  by  the 
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future  accumulation  of  further  data.  Current  work  is  being  largely 
directed  to  the  study  of  the  causes  and  extent  of  variations  from 
the  general  average.  It  remains  true,  however,  that  figures  for  iron 
are  subject  to  relatively  larger  probable  error  than  are  the  corre¬ 
sponding  data  for  calcium  and  phosphorus.  This  is  partly  because 
the  actual  percentages  of  iron  in  food  are  so  small  that  the  un¬ 
avoidable  errors  of  the  laboratory  work  of  preparing  and  analyzing 
the  food  samples  tend  to  become  a  large  fraction  of  the  finding. 
Probably,  too,  the  methods  for  quantitative  determination  of  iron 
are  more  “treacherous”  than  those  for  protein,  or  phosphorus,  or 
calcium;  in  the  sense  that  the  “personal  equation”  tends  to  be  rela¬ 
tively  larger  and  more  variable  in  the  determinations  of  iron.  For 
these  reasons  it  is  difficult  to  judge  whether  or  not  a  given  type  of 
food  is  relatively  more  variable  by  nature  in  its  iron  than  in  its 
protein,  phosphorus,  or  calcium  content. 

But  if  our  knowledge  of  iron  requirements  in  nutrition  and  iron 
contents  of  foods  still  seems  less  precise  than  we  would  wish,  re¬ 
assurance  is  afforded  by  the  general  “enrichment”  of  flour  and 
bread  with  iron,  and  by  the  important  fact  that  any  tendency 
toward  an  iron-poor  condition  of  body  is  apt  to  be  recognized  and 
corrected  promptly. 


EXERCISES 

1.  Calculate  the  iron  contents  of  the  dietaries  previously  planned, 

and  compare  with  your  judgment  of  the  requirements  of  the  people  to 
be  fed. 

2.  What  substitutions,  preferably  from  among  the  forty  foods  previ¬ 
ously  tabulated,  would  enrich  one  of  these  dietaries  in  its  iron  content 
without  any  disadvantageous  change  in  its  general  character  or  in  its 

3.  Would  it  be  more  practicable  to  make  the  proposed  substitution 
weight  for  weight,  or  Calorie  for  Calorie? 

T  WouW  it  be  feasible  to  provide  as  much  iron  as  an  average 

medicmai  dosage  per  day  through  food  selection  without  distorting 
the  dietary  or  making  it  unduly  costly?  g 

5.  Is  there,  in  the  light  of  present-day  knowledge,  any  sound  obiee 
■on  to  makmg  nutritional  use  of  iron  saits,  unde"  medicaTguidat; 

o  as  to  be  freer  m  planning  the  best  use  of  the  food  money’ 

b.  lo  what  extent  are  your  answers  influenced  by  the  current  “en 

richment  of  flour  and  bread,  and  the  “restoration”  of  K  J 
cereals?  And  why?  restoration  of  breakfast 
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IODINE 


The  Endocrine  Glands  and  Especially  the  Thyroid 


It  has  now  become  a  concept  familiar  to  almost  everyone  that 
the  physical  and  mental  development  of  an  individual  as  well  as 
the  course  and  rate  of  his  metabolic  processes  are  controlled  to  a 
large  extent  by  a  group  of  organs  known  as  the  endocrine  glands  or 
the  glands  of  internal  secretion.  Each  of  these  elaborates  one  or  more 
of  the  physiologically  active,  specific  chemical  substances,  known 
as  hormones,  which  it  distributes  through  the  blood  stream  to  the 
entire  body,  exerting  in  this  way  a  “chemical  control”  over  even  the 
most  remote  parts.  When,  for  some  reason,  there  is  either  a  defi¬ 
ciency  or  an  overabundance  of  the  secretion  of  one  of  the  endocrine 
glands,  physical  or  metabolic  abnormalities  may  become  evident. 
Most  of  these  conditions  lie  outside  of  the  sphere  of  this  book  (the 
student  interested  in  these  aspects  is  referred  for  a  non-technical  dis 
cussion  to  Hoskins’  Endocrinology,  Revised  Edition) ;  but  one  such 
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pie  goiter  has  now  been  shown  to  be  predominantly  of  nutritional 
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The  thyroid  gland  is  situated  near  the  base  of  the  neck  and  con 
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written  thence  were  afterward  published,  told  of  the  great  pre¬ 
valence  of  goiter  in  certain  localities.  In  the  part  of  Savoy  where 
he  stayed  it  was  so  nearly  universal  that  anyone  without  goiter  was 
said  to  be  not  a  true  Savoyard.  Growth  of  the  goiter  was  regularly 
expected  to  accompany  the  growth  and  development  of  the  child. 
Thus  a  middle-aged  man  whose  little  granddaughter’s  goiter  was 
the  size  of  a  chestnut  piously  hoped  to  live  to  see  it  as  large  as  a 
pear. 

Even  a  generation  ago  there  were  regions  in  this  country  and 
abroad  where  some  measure  of  thyroid  enlargement  was  discernible 
in  a  large  majority  of  the  adolescent  children;  and  today,  although 
recognition  of  its  nutritional  origin  has  made  it  possible  to  prevent 
almost  completely  the  onset  of  the  disorder,  advanced  goiters  are 
a  fairly  common  sight,  at  least  among  middle-aged  and  elderly 
persons  for  whom  this  knowledge  came  too  late. 


Establishment  of  the  Relationship  of  Iodine  to  Goiter 

It  is  said  that  for  many  centuries  burnt  sponge  was  a  more  or 
less  popular  folk  remedy  for  goiter.  Medical  men,  following  the 
suggestion  made  by  Coindet  in  1820,  found  that  painting  the 
goiter  with  tincture  of  iodine  was  also  frequently  efficacious.  As 
the  existence  of  the  element  iodine  had  been  discovered  in  burnt 
seaweed,  Coindet  postulated  that  iodine  present  in  the  sponge  was 
responsible  for  the  effectiveness  of  the  old  treatment.  However,  the 
rationale  of  both  of  these  curative  measures  was  fully  appreciated 
only  when  Baumann,  in  1895,  actually  found  iodine  in  the  thyroid 
gland.  This  led  the  way  on  the  one  hand  to  investigations  on  the 
natural  distribution  of  iodine  and  its  relation  to  the  incidence  of 
goiter,  and  on  the  other  hand  to  Kendall’s  discovery  and  separation 
in  pure  form  of  thyroxine,  an  iodine-containing  amino-acid  deriva¬ 
tive  secreted  by  the  thyroid  gland  (Fig.  22). 

There  are  certain  regions  of  the  earth  where  until  modern  pre¬ 
ventive  methods  were  introduced — goiter  occurred  so  persistently 
and  so  extensively  as  to  be  called  endemic.  Notable  among  these 
districts  were  the  Himalayan  Mountain  region  of  South  Central 
Asia;  the  Alps,  Pyrenees,  and  Carpathian  Mountain  regions  oi 
Europe;  the  Andean  plateau  and  southeastern  Brazil  in  South 
America;  and  the  St.  Lawrence  and  Great  Lakes  basin,  exten  mg 
through  northern  Ohio,  Michigan,  Minnesota,  the  Dakotas,  and 
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adjacent  Canadian  provinces;  and  the  Pacific  Northwest  including 
Oregon,  Washington,  and  British  Columbia,  in  North  America. 

Examination  of  the  soil,  the  drinking  water,  and  the  vegetation  in 
these  regions  showed  them  to  be  relatively  poor  in  iodine  as  com¬ 
pared  with  regions  where  goiter  is  not  prevalent.  The  iodine  con¬ 
tent  of  the  waters  and  foods  of  any  district  seems  to  depend  largely 
upon  the  chemical  nature  of  the  rocks  and  the  amounts  of  soluble 
iodide  which  these  yield  in  their  natural  weathering.  In  general, 
the  leached  soils  deposited  from  the  last  glacial  period  are  said  to  be 
poor  in  iodine.  Such  soils  account  for  the  low  iodine  content  of  the 
crops  in  certain  regions  of  this  continent.  Furthermore,  since 


Fig.  22.  Crystals  of  thyroxine.  (Courtesy  of  Dr.  E.  C.  Kendall.) 


seashore  ^s  re  ,  1  u  evaporates  in  the  air  at  the 

*21  y,  -n  todine,  regions  near  the  ocean  and 

-eparated  from  it  by  high  mountains  receive  iodide  from  sea 
spray  dust  earned  inland  by  the  winds.  No  doubt  the  relatke  n- 

as  much  in  the  »aS’S^  thousa"d 
McClendon  also  showed  that  diffe ;  "me  m.lmmum  eases. 
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country  for  service  in  the  First  World  War  were  strikingly  asso¬ 
ciated  with  differences  in  the  amounts  of  iodine  found  in  the  drink¬ 
ing  waters  in  the  regions  from  which  the  recruits  were  drawn, 
goiter  being  very  much  more  common  in  sections  where  the  water 
supplied  relatively  little  iodine. 

Similarly  it  was  found  that  foods  produced  in  the  regions  char¬ 
acterized  as  goitrous  contain  in  general  distinctly  less  iodine  than 
the  same  foods  from  the  so-called  non-goitrous  districts.  A  few  in¬ 
stances  are  cited  in  Table  16. 

Table  16.  Iodine  Contents  of  Foods  from  Goitrous  and  Non-Goitrous  Regions 

From  Goitrous  From  ,\  on- 

Kind  of  Food  Regions  Goitrous  Regions 


Wheat 

Iodine:  parts  per  billion  of  dry  matter 
1-6  4-9 

Oats 

10 

23-175 

Carrots 

2 

170 

Potatoes 

85 

226 

Milk 

265-322 

572 

It  is  still  difficult  to  judge  how  far  the  reports  of  differences  in 
iodine  contents  of  foods  have  been  exaggerated  by  analytical  errors. 
The  example  which  McClendon  has  selected  for  prominence  in 
his  1939  monograph  shows  111  parts  per  billion  of  iodine  in  the 
cabbage  grown  in  eastern  Minnesota  where  the  goiter  rate  is  1.72 
per  cent,'  and  174  parts  per  billion  of  iodine  in  that  grown  in  the 
western  part  of  the  same  state  where  the  goiter  rate  is  0.85  per 
cent.  Here  there  was  presumably  a  maximum  of  scientific  control, 


and  a  minimum  of  analytical  error. 

Observations  such  as  those  which  have  been  cited,  associating  a 
low  intake  of  iodine  in  food  and  drink  by  a  section  of  the  popula¬ 
tion  with  a  high  tendency  to  goiter,  strongly  suggested  that  the 
former  circumstance  might  be  the  predominant  factor  in  the  causa¬ 
tion  of  the  latter.  Further  evidence  of  the  relationship  was  afforde 
when  McClendon  and  Williams  in  1923  produced  goiter  experi¬ 
mentally  in  rats  by  a  diet  low  in  iodine,  fed  under  conditions 

'  ^Appareritly^'the  increase  in  size  of  the  gland  is  the  result  of  an 
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effort  on  the  part  of  the  thyroid  to  compensate  for  a  shortage  of 
iodine  from  which  to  synthesize  its  hormone (s)  (thyroglobulin 
and/or  thyroxine),  by  increasing  the  number  of  secreting  cells  and 
the  volume  of  fluid  secreted. 


Simple  Goiter  Prevented  by  Adequate  Iodine  Intake 


The  now  classical  experiment  of  Marine  and  Kimball  demon¬ 
strated  that  simple  goiter,  in  most  if  not  all  cases,  is  a  deficiency  dis¬ 
ease  resulting  from  inadequate  dietary  intake  of  the  nutritionally 
essential  mineral  element  iodine  and  preventable  by  a  sufficient 
supply  of  this  food  factor.  These  investigators  administered  iodine 
systematically  to  as  many  as  volunteered  of  the  school  children  of 
Akron,  Ohio,  of  the  ages  at  which  goiter  most  commonly  appears. 
The  iodine  was  given  as  sodium  iodide  in  small  doses  twice  weekly 
over  a  period  of  a  month  and  the  treatment  repeated  twice  yearly. 
The  success  of  this  preventive  measure  was  striking.  Of  more  than 
2000  children  treated,  only  5  developed  goiter;  while,  of  a  similar 
number  not  treated  but  of  the  same  age  and  living  in  the  same  lo¬ 
cality,  about  500  showed  thyroid  enlargement  during  the  same 
time.  In  other  words,  about  99  per  cent  of  the  goiters  which  would 
otherwise  have  developed  were  prevented  by  the  simple  administra¬ 
tion  of  sodium  iodide. 


While  the  characterization  of  goiter  as  the  most  easily  preventa- 
e  o  a  diseases  is  a  justifiable  aid  to  memory,  it  should  also  be 

i”  McCatha‘  n0t  a"  g°itere  arC  a«ri“  to  shortage  of 
dine.  McCarnson  some  years  ago  described  a  goitrous  village  in 

L™!/.;:':;"/1-111/  cause  of  the  goiters  found  locally 'in  Sas- 
infection  Sp°radic  Cases  of  goiters  due  to 

recognized;  bit 

regions  of  endemic  goiter  the  incidence  if  this*!!-  1  31  typical 
enormously  reduced  bv  1  •  .  !^1S  dlsease  has  been 

or  in  table  salt.  The  reduction  dAT  ^  drinkin§  water 
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already  referred  to  may  presumably  be  taken  as  fairly  representa¬ 
tive  of  the  efficacy  of  these  methods  of  iodide  supply. 

Thus  it  is  probably  a  fair  generalization  that  nearly  99  per  cent 
of  the  simple  goiters  of  goitrous  regions  are  attributable  to  iodine 
deficiency  and  are  preventable  by  the  regular  use  of  iodide  in 
drinking  waters  or  (more  simply)  iodized  salt  in  the  households  of 
all  the  people. 

In  large  cities,  or  over  large  areas,  where  the  use  of  iodized  salt 
has  been  advocated  by  health  officers  but  without  means  of  mak¬ 
ing  it  universal,  subsequent  surveys  have  shown  greatly  reduced 
goiter-incidence  in  the  families  using  iodized  salt  as  compared  with 
next-door  neighbors  who  did  not. 

Incidentally,  it  has  been  observed  by  medical  schools  in  Great 
Lakes  cities,  that  even  stray  dogs  living  largely  on  garbage  get 
therefrom  the  benefit  of  the  use  of  iodized  salt  in  so  many  house¬ 
holds  that  it  is  now  quite  difficult  to  find  a  stray  dog  with  a  goiter, 
whereas  formerly  the  stray  dogs  of  these  cities  were  commonly 
goitrous. 

Thus,  according  to  a  widely  quoted  statement  of  Dr.  David 
Marine,  goiter  is  “the  simplest,  the  easiest,  and  the  cheapest  of  all 
known  diseases  to  prevent.” 


The  Body’s  Need  for  Iodine 

Evidently,  the  body  has  a  rather  definite  nutritive  requirement 
for  iodine  which  must  be  met  if  the  thyroid  gland,  one  of  the  most 
important  regulators  of  body  processes,  is  to  function  normally. 
When  the  supply  of  iodine  is  only  moderately  deficient,  the  thyroid 
gland  may  become  enlarged  to  form  a  goiter  and  yet  be  able  to 
provide  the  thyroid  hormone  in  normal  or  nearly  normal  quantities, 
so  that  the  individual  continues  to  enjoy  fairly  good  health.  But  in 
severe  iodine  deprivation,  despite  the  compensatory  enlargement 
and  increased  activity  of  the  gland,  a  deficit  of  the  thyroid  hormone 
exists  and  may  cause  the  profound  disturbances  in  physical  and 
mental  well-being  and  development  known  as  myxedema.  The 
edema  from  which  this  disease  takes  its  name  is  well  illustrated  in 
the  accompanying  Fig.  23.  Another  characteristic  feature  of  this 
condition  is  a  markedly  lowered  rate  of  energy  metabolism,  the 
chemical  processes  of  the  body  upon  which  growth  and  function 
depend  being  stepped  down,  sometimes  to  half  the  normal  rate. 
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Correspondingly,  the  victim  is  exceedingly  sensitive  to  the  cold; 
suffers  from  flabbiness  and  weakness  of  the  muscles,  tiring  easily  on 
slight  exertion;  and  his  mental  processes  become  progressively  more 
sluggish.  These  symptoms  are  relieved  often  with  dramatic  prompt¬ 
ness  when  thyroxine  is  administered. 

Iodine  deficiency  in  childhood  may  markedly  stunt  the  growth  in 
height.  Here  also  the  cure  due  to  thyroxine  and  the  change  in  gen¬ 
eral  appearance  are  frequently  striking,  as  in  the  case  of  the  girl 
shown  in  Fig.  24. 


Fig.  23.  Photographs  of  a  young  woman  before  and  after  the  cure  of  myxedema 
by  thyroxine.  Besides  the  disappearance  of  the  edema,  note  the  increased 
mental  aiertness  evident  in  the  second  photograph.  (Courtesy  of  Dr.  E.  C 


Qualitatively,  the  requirement  for  iodine  might  be  stated  as  a 
sufficient  amount  of  iodine  to  meet  the  daily  losses  from  the  body 
and  maintain  within  the  body  such  store  as  is  needed  to  provide  for 

om  ‘  ffi‘he  thyr°id  gl3nd  and  the  distribu‘i°n  through¬ 

out  the  body  of  sufficient  amounts  of  thyroid  hormone  to  support  a 

“***  ‘he  g.and  beaming 

in  IatllSaboma2esd  ‘t  ^  °f  3  fu,1-grown  healthy  man  contains 

iodine  t  2  800  °r’  r°Ugh,y>  about  1  P»t  of 

2,800,000  parts  of  body  substance.  About  three-fifths  of 
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Fig.  24.  Restoration  of  growth  in  a  girl  upon  treatment  with  thyroxine.  The 
two  photographs  were  taken  in  the  same  dress  at  an  interval  of  six  months. 
This  child  was  the  first  one  to  be  treated  with  thyroxine.  (Courtesy  of  Dr. 
E.  C.  Kendall.) 

this  is  found  in  the  thyroid  gland.  The  body  iodine  occurs  in  part  as 
inorganic  iodide  and  in  part  in  organic  combination  as  thyroxine, 
thyroglobulin,  di-iodotyrosine,  and  possible  other  forms.  How  much 
iodine  must  be  taken-in  daily  to  maintain  this  store  of  iodine  in  the 
body,  is  not  precisely  known.  According  to  the  National  Research 
Council  the  requirement  is  probably  about  0.002  mg.  to  0.004  mg. 
daily  for  each  kilogram  of  body  weight,  or  a  total  of  0.15  to  0.30 
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mg.  daily  for  an  adult.  “This  need  is  met  by  the  regular  use  of 
iodized  salt;  its  use  is  especially  important  in  adolescence  and  preg¬ 
nancy ” 

If  the  iodine  need  of  pregnancy  is  not  met  by  the  mother’s  intake, 
the  tragic  condition  of  myxedema  in  the  baby  may  result. 

When  amounts  of  iodine  in  excess  of  the  minimal  requirement  are 
furnished  by  the  food  and  drink,  an  easily  mobilized  reserve  store  of 
iodine  is  built  up  in  the  body.  This  capacity  for  storing  iodine  un¬ 
doubtedly  explains  how,  in  the  experiments  of  Marine  and  Kim¬ 
ball,  the  protective  effect  of  a  period  of  intensive  iodide  dosage  ex¬ 
tended  through  five  succeeding  months  when  no  further  supple¬ 
mentary  iodide  was  given. 


How  May  the  Needed  Iodine  be  Supplied? 


With  the  exception  of  seafoods,  which  are  consistently  rich 
sources  of  iodine,  most  foods  are  too  variable  in  their  iodine  content 
to  be  depended  upon  to  meet  the  dietary  need  for  this  element.  It 
is  true  that  many  foods  grown  in  the  so-called  non-goitrous  regions 
are  rich  enough  in  iodine  that  their  use  might  supply  the  whole  or  a 
significant  part  of  the  nutritive  requirement.  But  in  these  regions 
generally  the  drinking  water  also  shows  a  relatively  high  iodine 
content,  often  much  more  than  enough  to  satisfy  body  demands. 
\\  hereas  in  the  goitrous  regions,  where  the  drinking  water  is  com¬ 
paratively  poor  in  iodine  and  there  is  consequently  greater  need  to 
supply  this  element  from  other  sources,  the  native  plant  products 
may  contain  only  a  fraction  of  the  iodine  present  in  the  same  plants 
grown  in  non-goitrous  sections ! 


(It  should  be  emphasized  strongly  that  iodine  is  an  exception— 
or,  at  any  rate,  an  extreme  case— among  the  mineral  elements  with 
regard  to  the  relatively  large  variations  in  the  concentration  in 
w  ich  it  may  occur  naturally  in  the  same  type  of  plant.) 

1  hus,  while  in  normal  regions  the  drinking  water  and  natural 
food  products  provide  the  iodine  required  for  the  proper  function 
ing  of  the  body,  reliance  cannot  be  placed  on  either  of  these  sources 
in  districts  where  goiter  is  known  to  be  prevalent.  To  prevent  this 

rvt^rd  a”:fn0rmal  nUtriti°n  in  SUCh  it  wasneces- 

every Individual  in  th  *  SUPPlementary  intake  of  iodine  by 

(one  ”ar t  n  sow  Wl!h  this  aim>  a  sma"  “mourn 

P  duuij  to  200,000)  of  sodium  or  potassium  iodide  is 
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now  being  incorporated  in  the  table  salt  marketed  in  those  sections 
of  the  country  where  goiter  was  formerly  common. 

The  efficacy  of  this  “iodized  salt”  as  a  goiter  preventive  has  now 
been  well  established  by  experience.  For  the  individual  in  whom 
the  disease  already  exists,  however,  the  problem  of  treatment  lies  in 
the  realm  of  medicine  rather  than  of  nutrition.  Indeed,  there  are 
certain  goitrous  conditions  in  which  increased  iodine  intake  may  be 
actually  injurious.  However,  there  appear  to  be  no  good  grounds 
for  any  fear  that  normal  individuals  may  receive  too  much  iodine 
for  optimal  health.  And  the  iodide  added  to  table  salt  should  be 
regarded,  not  as  a  drug,  but  as  restoring  the  table  salt  to  something 
more  like  its  natural  composition.  Sea  salt  and  natural  salt  obtained 
from  salt  wells  contain  iodine. 


EXERCISES 

1.  Obtain  from  the  United  States  Public  Health  Service  the  most 
recent  available  evidence  as  to  the  prevalence  of  goiter  in  different 
regions.  Is  the  region  in  which  you  live  relatively  goitrous  or  relatively 
free  from  goiter? 

2.  Can  you  explain  the  prevalence  or  rarity  of  goiter  in  your  region 
by  reference  to  (a)  relation  to  the  sea,  ( b )  relation  to  the  geological 
formation,  (c)  food  habits  of  the  people,  {d)  use  of  iodized  salt? 
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ASCORBIC  ACID  (VITAMIN  C) 


The  Former  Prevalence  of  Scurvy  and  the  Discovery  and 
Identification  of  the  Antiscorbutic  Substance 


So  little  did  fresh  fruits  and  vegetables  figure  in  the  food  supply 
of  Northern  and  Central  Europe  a  few  centuries  ago,  that  when 
Catherine  of  Aragon  came  to  England  it  was  necessary  for  the 
household  of  Henry  VIII  to  send  abroad  to  get  the  materials  for  a 
salad.  And  during  the  period  (and  in  the  regions)  in  which  these 
foods  were  so  scarce  for  so  much  of  the  year,  scurvy  was  so  preva¬ 
lent  that  medical  writers  seriously  discussed  the  suggestion  that  all 
diseases  be  regarded  as  outgrowths  of  scurvy. 

European  medical  literature,  however,  has  so  short  a  history  that 
we  do  not  know  for  how  long  scurvy  had  been  such  a  scourge:  it  is 
known  to  have  afflicted  the  Crusaders  in  the  thirteenth  century, 
and  near  the  end  of  the  fifteenth  century  when  Vasco  de  Gama 
made  his  historic  voyage  around  the  Cape  of  Good  Hope,  he  re¬ 
ported  the  death  by  scurvy  of  100  men  out  of  his  crew  of  160. 

The  formal  medical  name  for  scurvy  is  scorbutus;  and  things 
capable  of  preventing  scurvy  are  often  called  antiscorbutics.  Gradu¬ 
ally  it  was  learned  that  this  antiscorbutic  property  is  manifested  by 
many  “fresh”  parts  of  plants. 

In  1535,  when  Cartier  was  obliged  to  winter  in  Canada  on  his 
second  voyage  to  Newfoundland,  scurvy  killed  a  quarter  of  his  men. 
Nearly  all  the  others  were  severely  ill  with  it,  but  on  advice  of  the 
natives  a  remedy  was  found  in  decoctions  of  the  twigs  and  needles 
of  evergreen  trees.  Recent  investigations  of  Russian  government 
bureaus  interested  in  the  settlement  of  northern  Siberia  indicate 
that  leaves  and  twigs  of  both  pines  and  spruces  may  be  thus  utilized 
as  antiscorbutics.  Tolstoy  tells  in  War  and  Peace  of  the  long-stand¬ 
ing  habit  of  the  Russian  peasants  to  scour  the  country  in  early 
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spring,  hunting  for  and  devouring  practically  everything  green  and 
freshly  growing. 

Returning  to  the  history  of  the  exploration  and  settlement  of 
America,  we  find  that,  in  provisioning  for  regions  which  did  not 
afford  fresh  fruits,  thought  turned  first  to  wine  as  a  substitute  and 
then  to  beer  as  a  substitute  for  wine.  And  crude,  freshly  fermenting 
beer  was  more  or  less  generally  recognized  as  antiscorbutic.  Dr. 
John  Nichols  of  Washington  writes  us  (personal  letter  of  1938)  of 
early  New  England  records  which  show  that  shipmasters  who 
brought  colonists  were  careful  to  make  sure  that  there  be  someone 
on  board  who  could  look  after  the  malting  of  barley  and  the  brew¬ 
ing  and  care  of  the  beer.  John  Alden,  whose  name  has  been  im¬ 
mortalized  in  literary  romance,  was,  Dr.  Nichols  finds,  first  enlisted 
primarily  as  a  cooper  to  have  charge  of  the  brewing  equipment  and 
the  beer  barrels.  The  malting  process  is,  of  course,  merely  a  care¬ 
fully  regulated  sprouting  of  the  barley  grain,  which,  like  other  seeds, 
is  not  antiscorbutic  in  the  resting  state  but  develops  the  antiscor¬ 
butic  property  as  it  sprouts.  The  simultaneous  enzyme  activity, 
changing  starch  to  maltose,  provides  material  for  the  fermentation. 
Thus  a  freshly  fermenting  infusion  of  (unroasted)  malt  has  the 
antiscorbutic  property  of  sprouting  seeds;  but  present-day  beer  is  so 
highly  clarified  that  all  antiscorbutic  (and  practically  all  other 
vitamin)  value  is  usually  lost. 

Lind  Of  the  British  navy  described  in  his  Treatise  on  Scurvy 

treatment  of  an  outbreak  of  scurvy  on  shipboard  in 
1/47  under  conditions  which  gave  his  experience  much  of  the 
ehmteness  of  a  laboratory  experiment.  He  took  12  patients  (of  the 
crew  of  the  Salisbury)  who  appeared  to  be  equally  scorbutic  and 
reated  two  by  each  of  six  regimes  then  more  or  less  currently 
recommended.  The  two  who  received  the  limited  amount  of  oranges 
and  lemons  available  made  dramatic  recoveries. 

cent"  of8!1  th"  Amgican  physician  Budd  advanced  from  the  con- 
pt  of  an  antiscorbutic  property  possessed  by  certain  foods  to  the 

“feTt  t°f  a  df nite  (lndividual  ^stance  (chemical 

wouW  b  idem  fied  “rmm  SY  T*  day)’  Which  he  Piloted 
K-  u  d.tfied  ln  a  not  too  distant  future.”  And  in  1931  32 
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During  the  ninety  years  between  Budd’s  prediction  and  its  ful¬ 
fillment  by  King,  much  was  learned  through  clinical,  field,  and 
laboratory  observations. 

Government  regulations  required  the  carrying  of  citrus  fruit 
juice  by  British  ships,  and  its  regular  issue  to  all  members  of  the 
crew  on  long  voyages.  This  was  found  to  be  effective.  It  also  came 
to  be  generally  recognized  that  as  potato  culture  had  become  more 
common  in  Europe  scurvy  had  become  less  common,  and  corre¬ 
spondingly  that  the  failure  of  the  potato  crop  in  any  considerable 
region  meant  scurvy  in  that  region  the  following  winter  or  spring. 
Thus  the  failure  of  the  potato  crop  in  Ireland  in  1846  was  followed 
both  by  famine  and  by  a  crushing  epidemic  of  scurvy. 


Fig.  25.  Crystals  of  ascorbic  acid 
(vitamin  C).  (Courtesy  of  Dr.  C.  G. 
King.) 


In  1906  Hopkins  of  Cambridge  University  definitely  included 
scurvy  among  the  diseases  due  to  nutritional  deficiency  and  in 
1907  the  Norwegian  investigators,  Holst  and  Frolich,  published  the 
first  of  their  researches  in  this  field.  The  clinical  work  of  Hess  an 
the  laboratory  work  of  Mendel  and  his  students  followed  quickly, 
and  these  scientific  advances  enabled  army  and  navy  medical  men 
both  largely  to  prevent  scurvy  and  also  to  systematize  the  recording 
and  interpretation  of  the  necessarily  fragmentary  observations 
made  during  the  First  World  War.  Later,  when  increased  numbers 
of  scientific  workers  were  able  to  return  to  the  fundamental  prob 
lems  of  the  nutrition  laboratories,  there  was  a  period  m  winch 
pioneering  laboratory  work  upon  several  substances  of  demo 
strated  nutritional  importance  was  simultaneously  very  active  be- 
fore  the  chemical  nature  of  any  of  these  substances  could  yet  be 
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As  a  temporary  expedient  to  reduce  the  confusion  in  the  rapidly 
growing  literature,  the  term  vit amine  which  Funk  had  coined  was 
combined  with  McCollum’s  terms  fat-soluble  A  and  water-soluble 
B  to  form  the  new  terms  vitamin  A  and  vitamin  B;  and  Drum¬ 
mond,  in  proposing  this  system,  added  the  antiscorbutic  substance 
as  vitamin  C. 

If  the  alphabetical  sequence  of  the  designations  had  followed 
the  chronological  sequence  of  what  we  now  regard  as  clearly 
postulated  nutritional  concepts,  the  ABC  order  of  these  three  sub¬ 
stances  would  be  reversed;  for  the  antiscorbutic  substance  was  ex¬ 
plicitly  postulated  as  a  chemical  individual  many  years  earlier  than 
was  the  antineuritic  substance  (vitamin  B) ;  and  the  existence  of 
the  latter  was  apparently  known  earlier  than  was  that  of  the  fat- 
soluble  substance  which  came  to  be  called  vitamin  A. 


King  and  his  collaborators  worked  systematically  for  years  to 
concentrate  and  isolate  vitamin  C  as  a  chemical  individual,  test¬ 
ing  and  measuring  their  progress  at  each  step  by  quantitative  de¬ 
termination  of  the  antiscorbutic  potencies  of  their  products.  In  the 
early  spring  of  1932,  they  had  thus  completed  the  physical  isola¬ 
tion  and  chemical  identification  of  the  substance  investigated  as 
vitamin  C.  It  then  became  possible  to  devise  methods  for  its  rapid 
determination,  with  fair  accuracy  even  in  small  amounts  of  mate¬ 
rial;  and  thenceforward  its  investigation  has  proceeded  rapidly. 

With  vitamin  C  chemically  identified  and  found  to  be  a  rela¬ 
tively  simple  substance,  there  yet  was  difficulty  in  finding  a  name 
of  convenient  length  and  satisfactorily  indicative  of  its  chemical 
nature  Hence  usage  has  increasingly  adopted  the  name  ascorbic 
acid  as  being  distinctive  and  as  perpetuating  the  historical  associa¬ 
tion  of  the  substance  with  scurvy,  through  the  study  of  which  its 
existence  was  first  postulated  and  finally  proven. 


The  Nutritional  Significance  of  Vitamin  C 

In  vitro,  and  presumably  in  the  life  processes  of  plants  the  out 
standing  property  of  ascorbic  acid  is  that  of  entering  reLffiv  ffito 

just  as  fundamentally  scientific  to  realize  that 
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many  of  these  intracellular  activities  can  proceed  normally  only 
on  condition  that  the  intercellular  cement  substance  holds  the  cells 
in  proper  relation  to  each  other  and  to  the  body  fluids  which  bathe 
and  nourish  them. 

W  olbach  offers,  as  a  result  of  his  pathological  research,  an  im¬ 
pressive  array  of  ways  in  which  body  function  may  be  impaired 
through  the  effects  of  shortage  of  vitamin  C  upon  the  integrity  of 
the  intercellular  material  in  different  bodily  organs  and  tissues: 

( 1 )  Hemorrhages,  which  may  occur  anywhere  in  the  body,  and 
which  are  a  prominent  feature  of  the  classical  picture  of  scurvy. 
Sometimes  the  hemorrhages  are  tiny  petechiae  visible  in  or  through 
the  skin,  sometimes  crescent-shaped  areas  at  the  bases  of  the  teeth, 
sometimes  invisible  hemorrhages  in  the  joints,  making  them  stiff 
and  sore.  At  autopsy,  hemorrhages  are  often  found  also  in  the  wall 
of  the  digestive  tract  and  at  the  rib  junctions. 

(2)  Structural  changes  in  the  gums  and  teeth,  the  latter  having 
been  considered  by  some  investigators  to  be  the  most  delicate  struc¬ 
turally  observable  indications  of  shortage  of  vitamin  C. 

(3)  Changes  in  the  growing  ends  of  bones,  sometimes  causing 
confusion  between  rickets  and  scurvy  in  children. 

(4)  Defective  calcification  due  to  degeneration  or  lack  of  proper 
development  of  the  bone  matrix. 

(5)  Displacement  of  bones  due  to  weakness  of  the  supporting 
cartilage. 

(6)  Anemia  due  to  interference  with  the  functioning  of  the 
blood-forming  cells  in  the  bone  marrow,  as  well  as  to  the  loss  of 
blood  by  hemorrhage. 

(7)  Damage  to  heart  muscles,  sometimes  shown  by  enlargement 
of  the  heart. 

(8)  Degeneration  of  muscle  structure  generally. 

(9)  Injury  to  the  sex  organs. 

With  shortage  of  vitamin  C  constituting  the  underlying  nutri¬ 
tional  fault  which  may  show  itself  in  such  different  ways  as  these, 
it  is  to  be  expected  that  constitutional  differences  among  individuals 
may  determine  the  way  in  which  any  one  person  will  suffer  from 

this  same  sub-optimal  feature  of  food  supply. 

Hence,  even  though  the  symptoms  may  be  somewhat  confusingly 
varied,  we  may  still  have  a  clear  impression  that  vitamin  C  is  a 
nutritional  factor  of  very  far-reaching  importance. 

It  must  not  be  thought  that  nowadays  scurvy  exists  only  m  re- 
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mote  places  or  in  the  minds  of  alarmists.  No  less  sane  a  scientist 
than  Professor  Hopkins  of  Cambridge  University  reported  not 
many  years  ago  an  experience  which  came  to  his  attention  in  a 
large  school  in  England.  During  the  winter  term  at  this  school  the 
standards  of  work  and  play  fell  to  an  unsatisfactory  level;  the  boys 
became  listless  and  irritable,  and  various  minor  complaints  were 
reported.  Attempts  to  explain  the  condition  were  for  some  time 
unsuccessful.  At  last  the  suggestion  was  made  that  the  diet  be  in¬ 
vestigated  by  some  one  with  modern  knowledge  of  nutrition.  The 
food  conditions  had  traditionally  been  considered  quite  satisfactory. 
It  was  found,  however,  that  the  diet  contained  nothing  in  the  way 
of  uncooked  foods  and  practically  no  green  vegetables.  A  small 
fruit  shop  nearby,  where  the  boys  had  formerly  purchased  fresh 
fruit  with  their  pocket  money,  had  been  closed  for  some  time.  Upon 
restoring  a  liberal  amount  of  fresh  fruit  to  the  diet  the  whole  trouble 
disappeared.  These  school  boys  had  evidently  been  suffering  from 
incipient  scurvy,  due  to  the  low  intake  of  vitamin  C  during  the 
period  in  which  they  did  not  have  fruit. 

Shortage  of  vitamin  C  may  begin  to  be  injurious  considerably 
before  the  classical  signs  of  scurvy  appear,  and  for  the  reasons  in¬ 
dicated  above  the  earliest  effects  may  show  considerable  individual 
variation.  Hence  clear-cut  evidence  and  consensus  of  opinion  as 
to  the  incidence  of  pre-scurvy  or  early  or  incipient  effects  of  sub- 
optimal  intakes  of  vitamin  C  are  lacking.  There  is,  however,  strong 
evidence  that  suboptimal  concentrations  (“levels”)  of  vitamin  C 
in  ostensibly  healthy  people  are  more  frequent  than  hitherto  real¬ 
ized.  Medical  surveys  of  nutritional  status,  using  the  delicate 
methods  recently  developed,  have  revealed,  in  different  parts  of 
Canada  and  the  United  States,  relatively  large  proportions  of 
people  (especially  in  the  low  income  groups)  who  are  living  at 
relatively  low  ascorbic  acid  levels  which,  even  if  they  do  not  show 
gross  symptoms  of  scurvy,  undoubtedly  mean  something  less  than 
optimal  resistance.  For  King  and  his  coworkers  have  shown  with 
gumeapigs*  that  relative  shortage  of  vitamin  C  lowers  resistance 
to  bacterial  toxins  and  that  this  lowering  of  resistance  is  demon¬ 
strable  before  ordinary  signs  of  scurvy  appear.  King  has  also 
pointed  out  that  the  full  benefit  of  vitamin  C  to  healing  wounds 
requires  about  ten  times  as  high  a  daily  allowance  of  this  vitamin 

Guineapig  is  preferably  written  as  a  single  word  to  mark  it  ac  o  iv* 
term  as  much  as  these  animals  are  no,  closely  related  “ordinary pfgs  ^ 
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as  is  needed  to  prevent  scurvy.  Thus  if  optimal  level  includes  the 
concept  of  keeping  the  body  in  best  condition  to  meet  emergencies, 
the  lowest  intakes  sometimes  accepted  as  minimal-adequate  would 
need  to  be  multiplied  at  least  by  five  and  perhaps  by  ten  to  reach 
the  optimum. 


Quantitative  Metabolism  and  Requirement  in  Man 

Of  the  vitamin  G  which  the  body  receives,  a  part  disappears  in 
the  tissues  and  is  evidently  consumed  in  performing  its  nutritional 
function;  a  part  leaves  the  body  unchanged,  chiefly  in  the  urine; 
and  a  part  is  held  by  the  tissues  and  fluids  of  the  body. 

Extensive  studies  indicate  that  normal  human  blood  contains,  as 
an  average,  between  1.0  and  1.5  milligrams  of  vitamin  C  per  100 
grams;  and  the  solid  tissues  that  are  characterized  by  high  meta¬ 
bolic  activity  normally  have  higher  concentrations  of  this  vitamin. 

It  is  especially  noteworthy  that  the  amount  of  vitamin  C  con¬ 
tained  in  the  body,  the  rate  at  which  it  is  destroyed,  and  the  rate  at 
which  it  escapes  through  the  kidneys,  are  all  subject  to  relati\el\ 
large  variation  even  under  such  conditions  as  are  fiequentb  en¬ 
countered  in  daily  life  (Fig.  26).  We  cannot  doubt  that  these  dif¬ 
ferences  in  “level  of  vitamin  C  nutrition”  are  significant  in  relation 
to  health  and  efficiency,  and  that  the  problem  of  human  require¬ 
ment  for  vitamin  C  should  be  considered  not  simply  in  terms  of 
prevention  of  scurvy,  but  rather  as  a  problem  of  ensuring  the  main¬ 
tenance  of  such  concentrations  of  vitamin  C  in  the  blood  and  body 
tissues  as  are  conducive  to  the  highest  attainable  health  under  all 
the  vicissitudes  likely  to  be  met  in  the  course  of  our  lives.  And 
there  are  indications  that  with  advancing  age  the  body  may  need 
more  vitamin  G  than  in  the  prime  of  life;  or  that  liberal  intake 
of  this  vitamin  may  help  to  moderate  the  aging  process. 

Other  things  being  equal  the  lower  the  intake  of  vitamin  c,  th 
smaller  the  amount  which  appears  in  the  urine;  and  simultaneously 
with  low  intake  and  low  output,  low  concentrations  of  vitamin  G 
in  blood  have  repeatedly  been  found  and  are  doubtless  regularfy  t 
be  expected  (Fig.  26).  Such  quantitative  studies  as  ha'e  > 
made  with  spinal  fluid  indicate  that  its  level  of  vitamin  C  conten 
tends  t0  rise  and  fall  with  the  level  in  the  blood;  and  it  is  reasonable 
to  suppose  that  this  is  also  true  of  the  body  tissues  generally,  thoug 
someof  them  may  fluctuate  in  lesser  degree  than  others. 
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Hg.  26.  Vitamin  C  content  of  the  blood  as  influenced  by  diet.  The  six  in¬ 
dividuals  to  the  left  had  all  been  receiving  an  apparently  adequate  diet  prior 
to  the  beginning  of  the  test.  Note,  however,  the  considerable  individual 
differences  among  them  with  regard  to  the  initial  concentration  of  vitamin  C 
m  the  blood  (cross-hatched  bar),  one  showing  a  value  distinctly  higher,  an- 
other  a  vaiue  lower  than  the  “usual  normal  range.”  The  four  individuals  to 
the  right  who  were  known  to  have  had  an  inadequate  intake  of  vitamin  C 
prior  to  the  test  all  showed  “subnormal”  levels  of  vitamin  C  in  the  blood  After 
generous  amounts  of  vitamin  C  in  the  form  of  orange  juice  had  been  given 
or  a  week  to  both  groups,  the  blood  level  of  vitamin  C  (solid  bar)  was  found 
o  e  a  out  .5  mg.  per  100  cc.  in  all  cases  except  the  one  individual  who 
s  owed  exceptionally  high  value  throughout.  Note  that  values  already  normal 
were  slightly  increased  by  the  liberal  intake.  (From  Farmer  and  Abt  in  “The 

\  itamins  by  permission  of  the  American  Medical  Association,  publishers  and 
by  courtesy  of  the  Milbank  Memorial  Fund.)  P  ’  d 


.  1?  °  "5,  t0  30  milliSrams  of  ascorbic  acid  per  normal 

adult  per  day,  or  1  milligram  per  100  Calories  of  food  in  family 

i  tanes  appears  to  be  sufficient  to  prevent  scurvy  or  any  other 
betaken  ^Cdafd  ^  ^  ^  “re 
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in  the  body,  and  thus  to  raise  the  nutritional  requirement  for  it. 
Most  students  of  the  subject  have  therefore  come  to  feel  that  a 
satisfactory  standard  must  be  higher  than  the  minimum  arrived 
at  as  indicated  in  the  preceding  paragraph;  and  have  sought  an  ob¬ 
jective  basis  for  the  more  liberal  standard  in  the  determination  of 
the  amount  which  must  be  taken  into  the  body  in  order  to  keep 
it  in  a  condition  of  vitamin  C  “saturation.”  Different  interpreta¬ 
tions  have  been  given  to  this  term,  or  to  the  concept  it  represents, 
which  is,  of  course,  quite  other  than  that  of  a  saturated  solution 
in  the  ordinary  physical  sense. 

Generally,  the  body  is  spoken  of  as  being  “in  a  condition  of  vita¬ 
min  C  saturation”  when  an  increase  in  the  level  of  intake,  or  a  large 
extra  dose,  can  raise  but  little  if  at  all  the  level  of  vitamin  C  con¬ 
centration  in  the  body  (usually  as  represented  in  the  blood),  while 
a  large  part  of  the  extra  intake  appears  promptly  in  the  urine. 

The  Recommended  Daily  Dietary  Allowances  of  the  Food  and 
Nutrition  Board  of  the  National  Research  Council,  aiming  at  the 
maintenance  of  “good  nutritional  status  ’  (not  necessarily  com¬ 
plete  saturation  in  the  sense  just  explained)  provide,  in  milligrams 
of  ascorbic  acid:  for  men,  75;  for  women,  70,  rising  to  100  in  the 
latter  half  of  pregnancy  and  150  during  lactation;  for  children 
under  1  year  of  age,  30;  1—3  years,  35,  4—6  years,  50;  7-9  years, 
60;  and  10-20  years,  75-100  mgms.  For  the  further  details  of  the 
recommendations  for  the  last-named  period  the  full  table  in  the 
Appendix  may  be  consulted. 

Here,  as  elsewhere,  the  artificial  concentrates  should  be  consid¬ 
ered  as  drugs  to  be  used  only  when  prescribed  by  a  physician;  while 
the  non-medical  student  of  nutrition  who  desires  to  increase  his 
intake  of  some  dietary  factor  should  do  so  by  shifting  the  propor¬ 
tions  in  which  he  consumes  everyday  foods.  One  who  desires  101 
milligrams  of  vitamin  C  may  advantageously  take  it  in  the  form 
of  seven  ounces  of  average  orange  juice;  or  may  readily  figure  an 
equivalent  in  the  form  of  some  other  food  or  foods  from  the  data  o 

Table  1 8  below  or  of  Table  4 1  in  the  Appendix. 

There  is  no  danger  that  any  selection  of  foods  one  might  ma  e 
would  involve  any  risk  of  injury  from  surplus  of  this  vitamin. 

There  is  on  the  other  hand,  some  difference  of  expert  opinion 
as  to  how  important  it  is  to  provide  such  liberal  intakes  as  to  keep 
the  vitamin  C  level  in  the  body  high  at  all  tuna.  From .a  starbng 
point  of  excellent  nutritional  status  and  all-round  health,  one  ma) 
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go  a  long  time  on  a  low  vitamin  C  level  before  visible  signs  of  scurvy 
appear.  In  a  well-controlled  case  in  which  a  healthy  young  man 
went  on  a  diet  good  in  other  respects  but  lacking  in  vitamin  C,  the 
level  of  this  vitamin  in  the  blood  plasma  fell  to  zero  in  42  days,  and 
that  of  the  white  blood  cells  in  122  days;  while  visible  symptoms  of 
scurvy  appeared  in  5  to  6  months.  Experimental  wounds  made 
after  the  man  had  been  3  months  on  this  diet  healed  well;  but  those 
made  after  6  months  of  such  deprivation  of  vitamin  C  were  slow  in 
healing.  (For  fuller  discussion,  if  desired,  see  Lund  and  Crandon 
(1941)  in  Suggested  Readings  below. ) 

No  doubt  many  people  go  through  life  “passably  healthy”  and 
doing  ordinary  work  with  bodily  levels  of  vitamin  C  chronically 
much  below  physiological  saturation.  Thus  the  Milbank  Memorial 
Fund  studies  of  nutritional  condition  in  New  York  City  high  school 
students  showed  plasma  ascorbic  acid  levels  below  0.6  mg.  per 
100  ml.  in  48  per  cent  of  1059  boys  and  in  46  per  cent  of  1088 
girls.  These  low  levels  were  considered  “indicative  of  insufficient 
intake”  by  these  research  workers,  and  when  the  research  was  ex¬ 
tended  to  include  quantitative  inquiry  into  the  kinds  and  amounts 
of  foods  consumed,  it  was  concluded  that  vitamin  C  came  next 
after  vitamin  A  and  calcium  in  the  frequency  with  which  the  di¬ 
etary  fell  below  the  current  standards.  The  full  account  is  given 

in  the  paper  by  Wiehl  (1942)  listed  among  Suggested  Readings 
below. 


°f  rcsPonse  becomes  significant  if  one  wishes  to  keep 
the  blood  level  high  at  all  times.  In  the  work  of  Todhunter,  Robbins 
and  McIntosh  (1942)  five  college  women  showed  close  similarity  to 

the  ra°tthCf  and  ah°  ^  !he  SamC  perS°n  Studied  at  different  times,  in 
the  rate  of  increase  of  plasma  ascorbic  acid  after  swallowing  50  milli- 

fruTST0h  'hi  Ttn  eit,hei7n  Crystalline  *>nn  or  by  the  eating  of 
•  he  blood  plasma  level  began  to  rise  within  30  to  60  minutes 

r^chedUTthin0l5ei!aStingfleVel  I"  3  ‘°  4  h0UrS'  The  waj 
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It  is  true  that  the  white  blood  cells  may  hold  a  higher  level  while 
that  of  the  plasma  falls,  but  there  may  be  some  significance  for  the 
body  as  a  whole  in  the  plasma’s  ups  and  downs.  From  this  viewpoint  it 
appears  advantageous  to  have  vitamin  C  liberally  represented  not  only 
in  the  day’s  intake  but  in  nearly  every  meal,  with  perhaps  also  some 
fruit  or  a  glass  of  fruit  juice  at  bed-time. 

Since  studies  of  nutritional  status  of  populations  in  New  York 
City,  in  Tennessee,  and  in  North  Carolina  have  revealed  a  rather 
high  incidence  of  shortages  of  this  vitamin,  as  had  previous  analo¬ 
gous  surveys  in  Maine  and  in  Canada,  and  since  the  data  of  food 
consumption  studies  of  Stiebeling  and  coworkers  also  warn  us  that 
many  families  still  live  on  dietaries  of  undesirably  low  vitamin  C 
value,  there  is  a  general  trend  toward  acceptance  of  the  relatively 
liberal  Recommended  Allowances  and  correspondingly  a  growing 
emphasis  upon  the  vitamin  C  values  of  foods. 


Expression  of  Vitamin  C  Values 

In  this  book  we  shall  follow  the  growing  practice  of  expressing 
vitamin  C  values  directly  in  terms  of  the  substance  itself.  Above  we 
lave  expressed  nutritional  needs  in  terms  of  milligrams  per  day; 
and  below  will  be  found  data  for  vitamin  C  (ascorbic  acid)  con¬ 
tents  of  foods  in  milligrams  per  100  grams  of  food. 

Data  still  met  in  terms  of  International  Units  are  readily  trans¬ 
lated  into  milligrams,  for,  by  current  definition,  20  International 

Units  =  1  milligram  of  vitamin  C. 

At  this  point  it  may  also  be  well  to  explain  the  expression  mg. 
per  cent”  which,  while  open  to  criticism  as  not  being  explicit,  is 
largely  used  for  convenience  as  meaning  milligrams  per  100  grams, 
cubic  centimeters,  or  milliliters,  for  cases  in  which  the  concentra¬ 
tion  is  so  low  that  its  numerical  expression  would  be  the  same 
whether  referred  to  one  or  another  of  these  bases. 


Conservation  of  Vitamin  C  in  the  Preparation  and 
Preservation  of  Foods 

From  the  earliest  scientific  conception  of  scurvy  as  due  to  the 
lack  Of  an  antiscorbutic  substance,  it  was  recogrr.zed  tha*  ,n  gen; 
era!  fresh  foods  have  more  and  preserved  foods  have  less  of  th 
tor.  As  the  concept  became  clearer,  the  statement  came  to  take  the 
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form  that  not  only  are  some  foods,  such  as  citrus  fruits,  relatively 
rich  in  this  factor  while  others  such  as  bread,  butter,  meat,  and 
sugar  are  poor  or  lacking  in  it;  but  also  that  it  is  an  unstable  factor 
so  that  cooking  and  preservation  are  apt  to  diminish  whatever  anti¬ 
scorbutic  value  the  food  originally  possesses. 

Now  that  all  of  the  more  familiar  vitamins  are  known  as  distinct 
chemical  individuals  not  closely  related  in  their  chemical  and  physi¬ 
cal  properties,  we  see  that  it  is  unscientific  to  try  to  make  broad  and 
simple  generalizations  or  comparisons,  for  the  behaviors  of  the  vita¬ 
mins  will  arrange  them  in  different  sequences  according  to  the  par¬ 
ticular  chemical  or  physical  condition  whose  influence  is  being 
considered.  Yet  for  most  practical  purposes  we  may  still  regard 
vitamin  C  as  the  most  easily  destroyed  of  the  known  vitamins. 

Because  many  familiar  fruits  and  vegetables  such  as  apples,  cab- 
bage,  and  potatoes  may  lose  a  considerable  proportion  of  their  vita¬ 
min  G  value  in  ordinary  cooking,  it  has  become  customary  to  em¬ 
phasize  raw  food  in  this  connection,  and  to  regard  this  vitamin  as 
thermolabile, — liable  to  be  destroyed  upon  heating.  Strictly  speak- 
it  is  not  so  much  destroyed  by  heat  itself  as  by  a  process  of 
oxidation  which  is  accelerated  by  increase  of  temperature.  The 
rate  of  destruction  is  lower  when  air  is  excluded  by  steam  or  by 
vacuum;  and  it  is  higher  when  acidity  has  been  reduced  or  alkalin¬ 
ity  increased  by  the  addition  of  soda  to  the  food.  The  destruction 
of  vitamin  G  is  also  catalyzed  by  the  presence  of  even  very  small 
amounts  of  copper.  In  addition  to  all  these  environmental  influ¬ 
ences  (and  perhaps  others,  as  yet  less  clearly  defined)  there  are 
properties  within  the  natural  foods  themselves  which  affect  the  con¬ 
servation  or  deterioration  of  their  vitamin  C  values.  In  general  the 
more  acid  foods  hold  their  vitamin  C  value  better;  but  if  cabbage 

more  of  irTf  ‘  *°  'r  ^  “  t0mat°  Juice  i(  sti11  wil1  ^ 

more  of  its  vitamin  C  on  heating,  because  of  the  natural,  inherently 

h'gher,  oxidation  potential  of  the  juice  of  the  cabbage  Y 

i  he  destruction  of  vitamin  C  upon  heating  in  solution  as  in 

the  puces  of  typical  foods,  is  a  process  which  proceeds  at ’a  rate 

which  can  be  measured  experimentally  and  which  has  been  studied 
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for  4  hours  destroyed  practically  68  per  cent  of  the  antiscorbutic 
vitamin.  At  lower  temperatures  there  was  less  destruction  in  a 
given  time.  Figure  27  shows  the  time  curves  of  the  heat  destruction 
of  the  vitamin  at  60°,  80°,  and  100°  C.  It  will  be  noted  that, 
throughout  the  entire  range  of  times  and  temperatures  covered  by 
these  experiments,  the  destruction  was  always  greater  the  higher 
the  temperature  whatever  the  time  of  heating  selected  for  the  com¬ 
parison;  and  also  that  at  whatever  temperature  the  material  was 
heated  the  destruction  of  the  vitamin  also  continued  to  become 
greater  the  longer  the  heating  was  continued. 

Thus  both  time  and  temperature  are  important  factors  in  the 
heat  destruction  of  vitamin  C  and  neither  the  time  nor  the  tem- 


Fig.  27.  Curves  representing  the 
rates  of  destruction,  at  different 
temperatures,  of  the  vitamin  C  of 
tomato  juice  at  its  natural  acidity. 


perature  can  be  treated  with  indifference  in  any  heating  operation 
in  which  it  is  desired  to  conserve  as  much  as  possible  of  the  anti¬ 
scorbutic  property  of  the  food.  Both  time  and  temperature  of  heat¬ 
ing  must  be  held  to  the  lowest  practicable  minimum  if  vitamin  t, 

is  to  be  conserved  to  the  best  advantage. 

The  best  conservation  of  the  antiscorbutic  value  of  the  food  also 
demands  that  one  avoid  adding  any  soda  or  other  alkali  to  the  food, 

or  the  water  used  in  its  cooking. 

Not  only  is  vitamin  C  more  readily  destroyed  in  an  alkaline  tha 

in  an  acid  solution;  any  decrease  of  acidity,  even  thong  1  t  e 
terial  may  still  remain  acid,  means  that  a  greater  percentag 
tit"  min  Will  be  destroyed  under  the  same  conditions  of  time  and 
temperature.  Thus  tomato  juice,  which  lost  50  per  cent  o  i  s  v  , 
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min  C  in  one  hour  at  100°  C.  at  natural  acidity,  lost  58  per  cent 
under  the  same  heat  treatment  when  it  had  been  about  half  neutral¬ 
ized,  and  61  to  65  per  cent  when  it  had  been  made  very  faintly 
alkaline. 

Alkalinity,  even  in  slight  degree,  appears  to  be  distinctly  deleteri¬ 
ous  to  vitamin  C  even  at  ice-box  temperature,  for  when  the  solution 
last  mentioned  was  stored  in  an  icebox  for  from  one  to  five  days 
it  was  found  to  have  lost  much  the  largest  part  of  the  vitamin  C 
which  had  survived  the  hour  of  heating.  In  this  case,  however,  the 
material  was  not  protected  from  contact  with  air  during  storage. 

It  is  quite  clear  that  one  should  not  speak  of  the  vitamin  as  being 
“destroyed  at'5  a  certain  temperature;  but  rather  as  being  more 
rapidly  destroyed  the  higher  the  temperature.  The  question  is  not 
so  much  whether,  but  rather  in  what  degree  (or  at  what  rate),  the 
vitamin  is  destroyed  “at  boiling,”  “at  steam-table  temperature,” 
etc.  If,  for  instance,  the  material  shown  in  Fig.  27,  after  losing  20 
per  cent  of  its  vitamin  G  at  100°  C.  (boiling  temperature)  was 
thereafter  kept  hot  for  serving  by  placing  it  on  a  steam-table  at 
60  C.  the  destruction  would  continue  at,  of  course,  a  lower  rate. 

The  American  Medical  Association’s  Council  on  Foods  issued 
in  July  1939  a  report  on  “Allowable  claims  for  the  vitamin  and 
mineral  content  of  canned  fruits  and  vegetables  intended  for  infant 
feeding”  which  includes  a  Decision  that  sufficient  experimental 
evidence  has  accumulated  to  warrant  the  view  that  vitamin  A  and 
ri  o  avin  are  little  affected  by  good  modern  canning  procedures 
but  that  thiamine  and  vitamin  C  are  more  or  less  adversely  af- 

oT  hp’f  th.e.def/eeu of  diction  depending  on  the  characteristics 
of  he  food  itself,  the  time  and  temperature  of  processing,  and  pos- 
sibly  Other  factors.  In  the  future,  therefore,  they  propose  to  recoe- 

onlywheT-  thlam™  and  vitami"  C  values  of  such  canned  foods 
finilhld proS”  Y  aCCeP‘able  eV,dCnCe  °f  the  P°*-V  the 

One  should,  therefore,  not  attempt  to  answer  broad  undiscrim, ’ - 
nating  questions  as  to  whether  or  to  what  extent  •  . 

/•  Am.  Med.  Assoc.  113,  215  (July  15,  1939). 
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of  exposure,  temperature,  and  contact  with  air  or  dissolved  oxygen, 
and  to  add  no  soda. 

As  vitamin  C  is  readily  soluble  in  water,  the  rejection  of  cooking 
water,  or  of  the  fluid  contents  of  the  can,  may  involve  a  loss  no  less 
serious  than  that  of  the  actual  destruction  which  takes  place  in  the 
cooking  and  canning  processes.  In  some  careful  experiments  the  loss 
in  cooking  has  been  found  to  have  been  even  much  more  largely 
due  to  the  dissolving  away  of  the  vitamin  than  to  its  actual  destruc¬ 
tion.  Thus,  Wellington  and  Tressler*  found  that  in  the  boiling  of 
shredded  cabbage  less  than  one-sixth  of  the  original  vitamin  C  was 
destroyed,  while  about  two-thirds  of  it  was  lost  from  the  vegetable 
in  the  sense  that  it  passed  into  the  cooking  water.  When  larger 
pieces  of  cabbage  were  boiled,  the  amount  extracted  was  less.  The 
utilization  of  “pot  liquors”  in  making  soups  and  stews  has  doubtless 
helped  to  protect  many  poor  families  from  scurvy. 

Table  17.  Approximate  Losses  of  Vitamin  C  in  Cooking  Foods.  Examples  Selected 
from  the  Data  of  Taylor  and  MacLeod:  Rose’s  Laboratory  Handbook  for  Dietetics 

(Macmillan.) 

Percentage  Loss 


Apples, 

baked 

stewed 

Asparagus,  fresh,  boiled 
Broccoli,  all  methods 
Cabbage,  all  methods 
Carrots,  boiled 
Cauliflower,  all  methods 
Onions,  all  methods 
Peas,  all  methods 
Potatoes,  all  methods 
Sweetpotatoes,  all  methods 
Tomatoes,  all  methods 
Turnip  greens,  all  methods 


80 

40 

30 

40 

45 

45 

35 

30 

40 

25 

40 

25 

45 


It  is  noteworthy  that  broccoli,  cabbage,  cauliflower,  and  turn.p 
greens,  while  among  the  foods  showing  largest  cooking  loss,  are 
vet  excellent  sources  of  vitamin  C  after  cooking  because  the.r  ml- 
it,  ,  r>  K  Trrssler  1938  Influence  of  method  of 

oUbatVc*,  *,  3' --3.6. 
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tial  content  of  this  vitamin  is  so  high.  Kale  is  also  an  excellent 
source  if  not  too  drastically  overcooked. 

In  accord  with  the  growing  practice  of  discussing  retentions 
rather  than  losses,  Moore,  Atkins,  Wiederhold,  and  MacDowell 
(1945)  report  that  after  3  days  at  refrigerator  temperature 
(40°F.)  both  covered  and  uncovered  orange  juices  showed  reten¬ 
tions  of  98  per  cent  of  their  original  vitamin  C;  and  that  grape¬ 
fruit  juice  also  showed  98  per  cent  or  better  retention. 


Quantitative  Distribution  of  Vitamin  C  in  Foods 

There  is  much  of  both  scientific  interest  and  practical  value  in 
a  consideration  of  the  different  types  of  food  as  sources  of  vitamin 
C  now  that  we  are  beginning  to  appreciate  the  great  importance  of 
this  constituent  of  our  food  to  our  nutritional  wellbeing  and  re¬ 
sultant  health  and  efficiency. 

In  a  study  by  Stiebeling*  of  presumably  typical  American  di¬ 
etaries  it  was  found  that  citrus  fruits  and  tomatoes,  while  represent¬ 
ing  less  than  five  per  cent  of  the  expenditure  for  food  and  furnish¬ 
ing  less  than  two  per  cent  of  the  total  protein,  furnished  over  37 
per  cent  of  the  total  vitamin  C.  Potatoes  and  sweetpotatoes  are  not 
nearly  so  rich,  but  their  large  place  in  the  food  supply  makes  them 
important  sources  contributing  about  23  per  cent  of  the  total  vita¬ 
min  C.  Green  and  yellow  vegetables  show  a  contribution  of  nearly 
13;  all  other  fruits  and  vegetables  about  20;  milk  and  its  products 
5  to  6;  meats  and  fish,  breadstuffs  and  cereals,  together  less  than  2 

per  cent  of  the  vitamin  C ;  and  sweets,  fats,  and  eggs  only  negligible 
amounts,  if  any.  6  s 

Assuming,  as  we  doubtless  may,  that  the  data  thus  studied  by 
bnebehng  are  fairly  representative  it  will  be  seen  that  we  derive 
probably  nine-tenths  of  our  vitamin  C  from  fruits  and  vegetables 
and  most  of  the  remainder  from  milk.  Doubtless  the  flefh  foods 

Eskimos  1  ‘  I  UmiSh  3  'arger  proPortion  if  we  a<e  them,  as  the 

Eskimos  do,  in  larger  amounts,  with  less  intervention  of  storage 

and  cooking  between  slaughter  and  consumption,  and  with  a  re¬ 
versal  of  our  usual  practice  of  taking  the  muscle  meats  for  ourselves 
giving  the  glandular  organs  to  the  dogs.  Another  and  perhaps 
more  important  consideration  in  clearing  up  what  some  regard  ^ 

tistics,  U  S.  Department  orLabor  ^1'0"  S'™'  N°'  R  4°9’  Bureau  of  Lat>or  Sta- 


188 


ESSENTIALS  OF  NUTRITION 


an  inconsistency  between  our  view  of  vitamin  C  and  some  of  the 
reports  upon  food  habits  of  carnivorous  peoples  is  that  the  latter 
have  sources  of  vitamin  C  which  are  apt  to  escape  the  attention 
of  explorers  and  even  anthropologists.  The  natives  of  Kamchatka 
were  anthropologically  described  as  living  exclusively  on  meats  and 
fish;  but  a  later  more  meticulous  investigation  revealed  the  fact  that 
they  also  eat  berries,  bark,  and  leaves.  Evidently  so  did  those  Ca¬ 
nadian  Indians  who  were  supposed  to  be  carnivorous  until  occasion 
arose  for  them  to  teach  Cartier’s  men  the  importance  of  evergreen 
twigs  and  leaves  as  antiscorbutic  food. 

There  probably  are  no  strictly  carnivorous  peoples;  for  it  is 
much  more  probable  that  explorers  who  think  they  have  found 
such  have  failed  to  observe  or  to  appreciate  the  significance  of  the 
eating  of  berries  and  the  chewing  of  bark,  roots,  and  twigs.  Of 
course  it  may  also  be  true  that  people  descended  from  untold  gen¬ 
erations  of  Arctic  ancestors  may  have  intensified,  as  a  characteristic 
of  survival  value  under  their  conditions,  the  property  of  being  able 
to  get  along  with  less  vitamin  C  than  we  require. 

To  return  to  the  consideration  of  the  different  types  of  foods  as 
sources  of  the  vitamin  C  of  our  normal  dietaries,  it  is  noteworthy 
that  the  breadstuff's  and  cereals  which  furnish  such  a  large  propor¬ 
tion  of  our  food-calories  and  protein  are  such  insignificant  sources 
of  vitamin  C  in  the  forms  in  which  we  ordinarily  eat  them.  These 
seeds,  however,  and  also  the  mature  legumes,  form  vitamin  G  when 
they  germinate,  so  that,  in  lack  of  other  adequate  sources,  cereal 
or  legume  seeds  may  be  germinated  and  eaten  with  their  young 
sprouts.  Evidently  there  is  here  some  process  of  change  which  the 
sprouting  seed  performs  efficiently;  and  which  our  bodies  perform 
very  inefficiently  if  at  all.  In  the  plant  cycle  too,  it  would  seem 
to  be  in  some  sense  a  reversible  process;  the  young  green  pea  is  a 
aood  antiscorbutic,  loses  this  property  as  it  matures,  but  regenerates 
it  when  sprouting.  The  oxidation-reduction  or  1  respiratory  be¬ 
havior  of  vitamin  C  in  vitro  here  finds  a  clearcut  relation  to  metab¬ 
olism  in  the  plant,  while  in  animal  metabolism  its  behavior  m  this 
direction  is  as  yet  somewhat  overshadowed  by  the  importance  of 
its  function  in  the  making  and  maintenance  of  intercellular  su 

stance  as  mentioned  earlier  in  this  chapter. 

Among  edible  seed  pods,  green  peppers  have  been  foun  to 

excellent  and  string  beans  good  sources. 

'  Leaves,  such  as  cabbage,  kale,  and  lettuce,  are  also  rich  in  vi 
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min  C :  they  may  be  counted  as  excellent  sources  when  eaten  raw, 
and  even  though  they  lose  a  considerable  proportion  of  their  vita¬ 
min  C  in  ordinary  cooking,  they  are  still  fairly  good  sources  when 
cooked.  In  celery,  the  leaves  have  been  found  to  be  even  richer 
in  vitamin  C  than  the  succulent  stalks.  Turnip  greens  and  watercress 
are  among  the  other  edible  leaves  which  have  been  demonstrated 
to  be  excellent  sources  of  vitamin  C. 

Onion,  an  edible  bulb,  has  also  been  found  to  be  a  good  source 
of  vitamin  C :  rich  in  the  raw  state,  with  variable  cooking-losses 
which  need  not  be  large  (Murphy,  1941). 

Asparagus,  a  succulent  growing  tip,  is  highly  potent  when  raw, 
but  often  loses  much  in  ordinary  cooking.  Further  research  will 
doubtless  show  whether  the  cooking-loss  need  be  large. 

Among  roots  and  tubers,  carrots,  turnips,  and  potatoes  may  be 
mentioned  here.  Carrots  received  considerable  attention  from  Hess 
and  his  coworkers  who  emphasized  the  difference  between  old  and 
fresh  young  carrots  particularly  after  cooking.  They  found  that  35 
grams  of  old  carrots  sufficed  to  protect  a  guineapig  from  scurvy 
when  fed  raw  but  not  after  cooking,  while  in  a  parallel  test  with 
res  young  carrots  25  grams  proved  adequate  for  complete  pro- 
tectmn  even  after  cooking.  They  pointed  out  that  in  such  cases  as 
his  the  fresh  young  vegetable  may  have  a  double  advantage  over 
the  older  and  tougher,  since  in  the  first  place  the  younger  or  fresher 

“  ‘°Me  riChCr  in  antiscor>^ic  vitamin  to  star,  with 
cookinl  th  ’  tOUgher  veSetables  "quire  more  prolonged 

t0  Underg°  *  -  -  vitaminC  dutfng 

Largely  as  the  result  of  this  experience  with  carrots  Hess  em 

Sid^blvin6,;^  that  VTab'eS  mUSt  be  «P«*ed 

and  a?  Whilevoune"'  I  "  °  aCCOrdl"S  t0  their  f-hness 

in  antiscorbutic  IZ!  SSXtTS  ?****  *°  °'d  Ca"0tS 

tained  less  vitamin  C  than  did  those  whfch  IZ fully1 rin^S  "7' 
as  fruits  and  vegetable-?  ™  ,  were  nPe-  So  ^ar 

edge  suggests  that  the  degree  ofTa^LltnThT1  kn°Wl' 

tra^n'^'lTet^  lommo^f 

portance  as  antiscorbutics  because  of  Z  ZllCZZZ  Z 
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are  consumed.  Weight  for  weight,  cooked  potatoes  are  comparable 
as  antiscorbutics  with  raw  apples,  and  in  most  families  the  potato 
is  consumed  in  much  the  larger  quantity.  Different  investigators 
have  varied  greatly  in  their  estimates  as  to  the  vitamin  C  in  cooked 
potatoes:  some  say  hardly  any  remains,  while  others  say  hardly 
any  need  be  lost.  Mayfield  et  al.  ( 1937)  are  among  the  latter,  find¬ 
ing  even  lesser  losses  for  potatoes  than  were  found  in  the  same  lab¬ 
oratory  for  string  beans,  cabbage,  onions,  or  green  peas  (Mayfield 
and  Richardson,  1939,  1940;  Richardson  and  Mayfield,  1940). 

Turnips  have  high  vitamin  C  value  when  eaten  raw.  They  and 
their  juices  have  served  as  important  antiscorbutics  in  wartime. 

Among  fruits,  the  citrus, — especially  oranges  and  grapefruit, — 
and  tomatoes,  which  are  botanically  fruit  though  classified  com¬ 
mercially  as  a  vegetable,  are  the  sources  of  outstanding  importance 
and  qualified  also  for  increasing  prominence  in  the  dietary  on  the 
grounds  of  economy  and  general  acceptability.  Milne,  in  his  essay 
on  fruit,  gives  first  place  to  the  orange,  and  returns  to  it  for  his 
peroration !  Beside  its  many  other  virtues,  the  orange  is  one  of  the 
most  potent  and  popular  of  antiscorbutics. 

The  grapefruit  is  about  three-fourths  as  rich  in  vitamin  C  as  the 
orange,  and  has  a  fine  flavor  all  its  own.  Delicious  also  is  a  mixture 
of  grapefruit  and  orange  juices. 

Tomatoes  are  somewhat  less  rich  than  grapefruit  and  distinctly 
less  rich  than  oranges  in  their  average  vitamin  C  content.  Like 
grapefruit  and  its  juice,  tomatoes  hold  their  vitamin  value  well 
when  preserved  by  cold  storage  or  canning,  and  the  canned  product 
is  economical  and  available  almost  everywhere  at  all  seasons  of  the 
year.  Often  in  recent  years,  citrus  fruits  have  been  about  as  cheap 
as  canned  tomatoes,  but  at  times  when  oranges  have  been  expensive 
the  juice  of  canned  tomatoes  has  been  largely  substituted  for  orange 
juice  in  infant  feeding. 

In  very  extensive  experimentation  in  the  Soil,  Plant,  and  Nutri¬ 
tional  Laboratory,  the  vitamin  C  content  of  vine-ripened  tomatoes 
was  found  to  be  more  favorably  influenced  by  abundance  of  direct 
sunlight  during  the  ripening  period  than  by  any  other  of  the  many  • 
factors  studied.  It  should  be  kept  in  mind,  however,  that  with 
some  other  foods,  notably  apples,  the  genetic  factor  (‘variety  in 
the  strict  botanical  or  horticultural  sense)  has  thus  far  showed 
greater  influence  upon  the  vitamin  C  content  than  has  environment. 

Tomatoes  are  also  noteworthy  for  holding  their  vitamin  C  values 
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well  over  a  wide  range  of  temperature.  Thus  Brown  and  Moser 
found  no  measurable  diminution  of  the  vitamin  C  content  in  18 
days  storage  at  6.7°  C.  Commercially  canned  and  market-fresh 
tomatoes  average  about  the  same  vitamin  C  content.  For,  those 
which  are  to  be  canned  are  usually  grown  under  contract  for  the 
purpose,  gathered  at  their  precise  best  degree  of  ripeness,  and  then 
very  promptly  processed  into  air-tight  cans. 

Table  18.  Vitamin  C  in  the  Edible  Portion  of  Typical 

100  Grams 


Foods.  Milligrams  per 


Food 


Orange  (or  juice) 

Grapefruit  (or  juice) 
Cabbage,  raw 
Cantaloupe 
Turnip,  fresh  raw 
Tomato  (or  fresh  juice) 

Peas,  fresh  young,  green,  raw 

Beans,  snap  or  string,  raw 

Potatoes,  raw 

Corn,  sweet,  raw 

Peaches 

Bananas 

Apples  (medium  varieties)0 
Celery  (stalks) 

Watermelon 

Plums 


Range  Within  Which  Aver¬ 
age  Will  Probably  Be  Found 


49-56 

35-41 

29-52 

26-35 

19- 33 
21-24 

20- 26 
14-19 
11-17 

8-12 

7-11 

6-10 

5-8 

5- 9 

6- 7 
4-7 


“  Varieties  here  averaged  were:  Astrachan,  Baldwin,  Ben  Davis,  Esonus  Golden 
RolT’  ?rav„ens'eln'  Ki"S-  Newton  Wonder,  Northern  Spy  Rhode  Wand 
and  YeUot  N™,0ow„Ury  SPit2'"b“^  Stayntan,  Winesap,  Winter  Banana,' 


Curran' by  °ther  workers’  T^ler  and 
Curran  (1938)  made  a  spec.al  study  of  the  causes  of  diminution 

juice  rapidly  toC<185e"Fmtb0ttled  t0mat°  juiCC'  After  heatinS  th<= 

j  ce  rapidly  to  1 85  F.,  it  was  poured  into  glass  bottles  to  three  dif 
ferent  levels:  (a)  entirely  full,  (b)  within  2  5cm  ! 

(c)  only  to  the  shoulder  (11.5  cm  head  snacel  “Th  k  i°P’  ^ 
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Ascorbic  acid  is  not  lost  more  rapidly  from  tomato  juice  packed 
in  bottles  filled  completely  than  from  juice  in  cans  similarly  filled.” 
A  great  loss  occurs  in  either  bottles  or  cans  which  are  only  partially 
filled.  This  is  chiefly  due  to  the  contained  air,  and  in  these  experi¬ 
ments  seemed  to  come  to  rest  after  about  40  days  of  storage. 

Apples  are  more  variable  and  less  potent  than  citrus  fruits  as 
antiscorbutics.  Having  been  so  widely  cultivated,  apples  have  be¬ 
come  differentiated  into  well-marked  varieties,  some  of  which  differ 
from  each  other  as  much,  in  their  vitamin  C  content,  as  if  they  were 
different  species.  Several  years  ago  Zilva  discovered  Bramley’s 
Seedling  to  have  outstanding  vitamin  C  value  among  English  ap¬ 
ples;  and  more  recently  Maynard  has  recognized  a  New  Zealand 
variety  as  a  still  richer  source  of  this  vitamin.  Yet  to  recognize  each 
variety  separately  in  ordinary  nutrition  work  would  be  prohibi¬ 
tively  cumbersome.  For  present  purposes  therefore  we  present  in 
Table  18  an  average  of  the  middle  group  of  varieties. 

Among  the  small-fruits,  black  currants  have  played  an  important 
part  as  antiscorbutics  in  Great  Britain  during  the  Second  World 
War.  Strawberries  are  (in  season)  a  good  source  of  vitamin  C,  and 
doubtless  other  berries  both  cultivated  and  wild  have  served  human 
nutrition  in  this  respect  more  significantly  than  has  been  appre¬ 
ciated.  Rose  hips  are  also  reported  very  high  in  vitamin  C. 

In  Table  18  the  last  column  gives  a  range  of  usual  values  for 
each  food  included.  One  need  not  be  trained  in  statistics  to  find 
interest  in  the  fact  that  the  statistical  chances  are  at  least  100  to  1 
that  the  true  mean  value  lies  within  the  indicated  range. 


EXERCISES 

1.  Purchase  oranges,  grapefruit  (or  canned  grapefruit  juice), 

apples  (noting  the  variety,  if  known),  and  bananas  in  your  local  mar¬ 
ket,  recording  the  cost  of  each  purchase  and  determining  the  weight 
of  its  edible  portion.  How  do  these  fruits  compare  in  pecuniary  econ¬ 
omy  as  sources  of  vitamin  C?  t  .  .  . 

2.  Compare  apples,  bananas,  oranges,  and  grapefruit  (or  its  juice) 
as  to  the  amount  of  vitamin  C  furnished  (1)  in  each  100-Calone  por¬ 
tion;  (2)  per  gram  (or  per  100  grams)  of  protein.  Arrange  these  fruits 
(and  perhaps  others)  in  the  order  of  their  merit  as  a  means  of  increas¬ 
ing  the  vitamin  C  value  of  a  dietary  with  the  least  change  in  its  total 

calories,  or  total  protein,  or  both.  .  f  ..  .  . 

3  p^pare  a  critical  compilation  and  discussion  of  all  information 
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afforded  by  the  library  facilities  available  to  you,  on  the  extent  of  the 
losses  of  vitamin  C  involved  in  different  recognized  methods  of  cooking 
and  serving  potatoes.  Taking  account  of  all  losses,  what  percentage 
of  the  vitamin  C  content  of  a  raw  potato  probably  actually  enters  the 
nutrition  of  the  consumer?  Could  this  be  materially  improved  without 
undue  change  of  household  customs?  If  so,  how? 
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Discovery  and  Identification  of  the  Substance  temporarily 
called  Vitamin  B  and  now  named  Thiamine 


The  existence  of  the  substance  now  named  thiamine  was  dis¬ 
covered  both  through  studies  of  the  disease  beriberi  and  through 
experiments  in  normal  nutrition.  Here,  as  often,  discovery  was  a 
process  of  gradual  accumulation  of  evidence  until  finally  it  became 
convincing. 

Beriberi  manifests  itself  primarily  as  a  nerve  disease  and  usually 
appears  first  as  a  weakness  and  loss  of  neuromuscular  coordination 
in  the  feet  and  legs,  equally  on  both  sides  of  the  body.  In  formal 
terminology  it  is  a  multiple  peripheral  neuritis.  It  has  been  most 
prevalent  in  the  Orient. 

In  1878-1883,  when  the  entire  enlisted  force  of  the  Japanese 
navy  was  about  5000  men,  each  years  sick-lists  showed  from  1000 
to  2000  cases  of  beriberi  among  them.  Takaki,  as  a  patriotic  son 
of  Japan  and  medical  officer  in  her  navy,  could  not  reconcile  him¬ 
self  to  this  enormous  annual  morbidity  of  20  to  40  per  cent  from 
one  disease.  Careful  study  convinced  him  that  it  was  not  due  to 
tropical  climate,  for  British  crews  in  tropical  waters  were  not  thus 
affected;  nor  to  lack  of  care  in  sanitation,  in  which  he  found  the 
Japanese  as  scrupulous  as  other  sailors.  He  then  obtained  authority 
for  a  large-scale  experiment  with  the  ration.  Two  ships  each  carry¬ 
ing  about  300  men  were  sent  in  succession  over  the  same  long 
cruise  but  with  different  rations.  On  the  first  ship,  which  was 
furnished  with  the  then  standard  Japanese  ration  containing  a 
greatly  predominant  amount  of  white  rice,  more  than  two-thirds 
of  the  men  suffered  from  beriberi;  while  on  the  second  ship,  with 
a  ration  in  which  part  of  the  white  rice  was  replaced  by  barley, 
vegetables,  fish,  meat,  and  canned  milk,  only  a  few  men  developed 
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beriberi,  and  these  were  found  not  to  have  eaten  their  share  of  the 
new  foods.  So  convincing  was  the  evidence,  and  so  striking  the 
contrast,  that  within  a  very  short  time  thereafter  Takaki  was  able 
to  obtain  a  similar  change  of  ration  throughout  the  Japanese  navy 
and  this  change  was  followed  by  a  prompt  decrease  in  beriberi  cases, 
from  a  very  high  percentage  to  a  mere  fraction  of  one  per  cent. 

The  reported  figures  were  as  shown  in  Table  19. 

Table  19.  Beriberi  in  the  Japanese  Navy  ( 1880—1889 ) 

Cases  of 

1 ear  Total  Force  Beriberi  Percentage 


1880 

Old  ration 

4,956 

1,725 

34.81 

1881 

CC  CC 

4,641 

1,165 

25.06 

1882 

cc  cc 

4,769 

1,929 

40.45 

1883 

CC  cc 

5,346 

1,236 

23.12 

1884 

Ration  changed 

5,638 

718 

12.74 

1885 

New  ration 

6,918 

41 

0.59 

1886 

cc  cc 

8,475 

3 

0.04 

1887 

CC  CC 

9,106 

0 

0.00 

1888 

CC  cc 

9,184 

0 

0.00 

1889 

CC  cc 

8,954 

3 

0.03 

Takah  received  prompt  and  generous  official  recognition  for 
this  really  great  achievement  in  practically  ridding  his  country’s 

mote  I”15  dl“ase  which  had  previously  been  so  prevalent:  he  was 
promoted,  made  a  baron,  and  appointed  the  permanent  head  of  a 
rnment  hospital  and  training-school  in  Tokyo.  Yet  there  was 
a  long  lag  not  only  in  popular  but  even  in  scientific  and  profession 
understanding  of  what  he  had  accomplished.  Passional 

y  was  it  so  many  years  before  the  people  of  the  Orient  gen 

sTc leariyaand°aSchtaT  ““  fr°m  What  had  been  demonstrated 

kaki  had  n  a  T"  S°  Pmmpdy  in  the  Japanese  navy?  Ta- 

and\he1ad1Llltiu7  *>*****  ^  «he  rat,^ 
the  fact  that  the  fault  in  th  m'"8  S°'  He  had  eVen  emPhasized 
stated  the  facts  as  he  saw  fh  7  ra,tIOn  WaS  nutritional-  He  had 
but  with  world  medical  on'  ""  and  emPhatically  enough; 

his  statements  remained  in^TctiTe  be^ule  ht  Tf 

He  attributed  ,b,  tuperiurit,  5  £  t™ 
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simply  to  its  higher  protein  content,  which  others  rightly  regarded 
as  unconvincing.  It  was  a  time  of  great  activity  in  the  sanitary 
applications  of  the  then  new  and  brilliantly  developing  science  of 
bacteriology;  and  naturally  some  advances  in  sanitation  had  been 
made  in  the  same  period  in  which  Takaki  had  secured  the  reform 
of  the  ration.  So  with  no  adequate  nutritional  explanation  at  hand, 
it  seemed  to  most  medical  men  more  probable  that  the  diminished 
frequency  of  the  disease  in  the  Japanese  navy  was  due  to  some 
sanitary  cause,  even  though  no  infective  agent  had  been  discovered. 
Hence  Takaki’s  work  was  largely  forgotten,  and  most  of  those  who 
had  to  deal  with  beriberi  regarded  it  as  probably  due  to  some  un¬ 
discovered  infective  agent. 

Such  was  the  view  of  the  American  Army  Medical  Officers 
when  they  took  over  the  Philippines  during  and  after  the  war  with 
Spain.  Their  striking  experience  with  beriberi  in  the  Bilibid  prison 
at  Manila  was,  however,  very  influential  in  reviving  the  nutritional 
view  of  the  disease. 

When  officers  of  the  United  States  army  took  charge  of  this 
prison,  they  found  what  at  first  appeared  to  them  as  an  abuse  in 
the  fact  that  the  poor  prisoners  accustomed  to  live  so  largely  upon 
rice  had  been  fed  with  rice  of  low  commercial  quality,  uneven  in 
size  and  dark  in  color.  This  they  promptly  replaced  by  ‘'high 
grade”  rice,  consisting  of  uniform,  plump,  well-polished,  white  ker¬ 
nels.  Notwithstanding  their  attempts  at  better  and  more  humane 
treatment  of  their  prisoners,  however,  these  officers  were  soon  dis¬ 
tressed  by  an  epidemic  of  beriberi  in  their  prison  population. 

The  monthly  record  ran  as  shown  in  Table  20. 

During  the  first  several  months  of  the  epidemic  every  effort  at 
further  sanitary  improvement  was  made,  the  responsible  medical 
officers  thinking  at  first  only  in  terms  of  the  theory  that  beriberi 
was  due  to  infection.  Failure  of  their  earnest  sanitary  efforts  led 
them  to  further  study  of  the  literature  of  beriberi,  and  in  the  light 
of  the  papers  which  Takaki  had  published  several  years  before  and 
which  had  been  generally  forgotten  meanwhile,  they  finally 
began  to  think  that  the  nutrition  hypothesis  might  be  worthy  oi 
trial.  Accordingly,  a  change  of  ration  was  then  made;  an  it  was 
followed  by  practical  disappearance  of  the  disease  in  the  cours 

about  three  months  (Table  20).  .  .  ,  rniihid 

It  was  at  about  the  same  time  with  this  experience  in i  the  Bil  bid 
prison  that  a  nutritional  interpretation  was  given  to  the  observa 
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tions  first  published  by  Eijkman,  a  Dutch  physician  working  in  the 
East  Indies,  upon  “an  illness  of  fowls  similar  to  beriberi.”  He  no¬ 
ticed  that  such  a  disease  developed  in  fowls  which  lived  in  the  bare 
yard  of  a  prison  hospital  and  subsisted  almost  entirely  upon  left¬ 
over  rice  from  the  prisoners’  tables.  In  systematic  trials  he  found 
that  by  confining  fowls  strictly  to  a  polished-rice  diet  he  could  in¬ 
duce  experimental  beriberi  with  great  regularity.  Eijkman,  how¬ 
ever,  did  not  at  first  explain  the  experimental  disease  in  direct  nu¬ 
tritional  terms  but  rather  upon  the  hypothesis  of  the  presence  of 
some  unknown  injurious  substance;  so  that,  as  English  writers 
afterward  expressed  it,  “the  pharmacological  bias”  at  first  pre¬ 
vented  the  nutritional  significance  from  being  seen.  It  was  in  papers 
published  after  the  turn  of  the  century  and  dealing  with  the  work 
of  Grijns  as  well  as  of  Eijkman,  that  the  experimentally  induced 
disease  was  first  clearly  stated  to  be  a  nutritional  polyneuritis. 

Table  20.  Beriberi  in  the  Bilibid  Prison  ( 1901-1903 ) 

^ ear  Month  Cases  Deaths 


1901 

Ration 

1901 

1902 
1902 
1902 
1902 
1902 
1902 
1902 
1902 
1902 
Ration 
1902 
1902 

1902 

1903 


November 

changed 

December 

January 

February 

March 

April 

May 

June 

July 

August 

September 

again  changed  October  20th 

October 
November 
December 
January  1-15 


52 

169 

1087 

576 

327 

310 

451 

233 

571 

522 

579 

476 

89 

4 


0 

2 

12 

16 

15 

15 

19 

17 

33 
24 
31 

34 
8 
3 
0 
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nature.  Funk  in  a  paper  published  near  the  middle  of  this  period 
proposed  the  name  vitamine.  Thus  in  this  case  the  name  was 
coined  and  proposed  several  years  after  the  discovery  of  the  exist¬ 
ence  and  of  some  of  the  most  important  properties  of  the  substance; 
and  several  years  before  its  complete  chemical  identification. 

It  is  to  R.  R.  Williams  that  we  feel  most  deeply  indebted  for 
knowledge  as  to  the  chemical  nature  of  this  substance,  and  prefer¬ 
ence  is  given  to  the  name  thiamine  (or  thiamine  chloride  or  hydro¬ 
chloride)  which  he  proposed  for  it  after  its  chemical  identification 
had  been  completed.  The  structural  formula  may  be  found  in  text¬ 
books  of  organic  and  biological  chemistry,  or  on  page  354  of  Sher¬ 
man’s  Chemistry  of  Food  and  Nutrition,  Seventh  Edition.  The  com¬ 
plete  chemical  name  is  obviously  too  long  for  everyday  use.  The 
name  thiamine  tells  about  as  much  of  the  chemical  nature  of  the 
substance  as  can  be  conveyed  in  one  short  word.  Because  it  is  con¬ 
sidered  preferable  that  the  name  of  each  chemical  individual  shall 
suggest  its  chemical  nature  and  shall  not  imply  a  therapeutic  claim, 
thiamine  is  preferred  to  aneurin  as  the  permanent  name  for  the 
substance  temporarily  called  vitamin  B  or  Bi. 

The  American  Institute  of  Nutrition,  the  American  Society  of 
Biological  Chemists,  and  the  American  Medical  Association's 
Councils  on  Foods  and  on  Pharmacy  and  Chemistry  are  among 
those  who  have  formally  adopted  and  recommended  the  use  of  the 
name  thiamine.  At  present  the  terms  thiamine  and  vitamin  Bi  are 
used  interchangeably  for  the  antineuritic  substance  once  called 
anti-beriberi  vitamine  or  vitamin  B. 

In  1911  Osborne  and  Mendel  published  the  reports  of  their 
epoch-marking  Feeding  Experiments  with  Isolated  Food  Substances 
(Carnegie  Institution  of  Washington,  Publication  No.  156,  Parts 
I  and  II,  1911)  and  began  their  series  of  articles  in  The  Journal 
of  Biological  Chemistry,  N ol.  12  et  seq.  And  in  1912  appeared  the 
full  account  of  the  work  by  Hopkins  which  we  noted  in  Chapter  I. 

While  their  work  had  originally  been  planned  as  a  study  of  the 
nutritive  values  of  individual  proteins,  Osborne  and  Mendel 
quickly  perceived  that  purified  protein  and  carbohydrate  with  but- 
terfat  and  a  good  salt  mixture  lacked  some  nutritional  essentia 
which  the  water-soluble  part  of  milk  contained.  This  they  supplied 
first  by  including  in  their  experimental  food  mixtures  generous 
proportions  of  what  they  called  “protein-free  milk,”  made  by  re¬ 
moving  the  coagulable  proteins  from  whey  and  drying  the  clear 
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filtrate.  Soon  they  found  that  this  nutritional  need  could  be  met 
also  by  the  feeding  of  yeast,  the  material  from  which  Funk  was 
extracting  what  he  called  yeast  vitamine.  Then  soon  after  this 
McCollum  became  convinced  by  his  own  experiments  and  those  of 
Osborne  and  Mendel,  that  this  water-soluble  growth-essential  was 
the  same  substance  which  prevented  and  cured  beriberi.  As  he  had 
already  found  that  a  fat-soluble  factor  was  essential,  McCollum 
now  proposed  the  terms  fat-soluble  A  and  water-soluble  B.  But  the 
catchy  term  “vitamin”  had  stuck,  and  in  1920  Drummond  pro¬ 
posed  (as  noted  more  fully  in  Chapter  XI)  that  the  fat-soluble 
substance  be  called  vitamin  A;  the  water-soluble  antineuritic  sub¬ 
stance,  vitamin  B;  and  the  antiscorbutic  substance,  vitamin  C. 

In  laboratory  feeding  experiments  it  came  to  be  customary  to 
use  yeast  as  a  source  of  vitamin  B,  and  to  attribute  to  vitamin  B 
whatever  of  “vitaminic”  values  yeast  was  found  to  have. 

To  this  extent,  then,  the  term  vitamin  B  covered  also  the  other 
water-soluble  vitamins  contained  in  yeast  and  confused  them  with 
the  antineuritic  substance.  Inasmuch,  therefore,  as  the  early  litera¬ 
ture  of  vitamin  B  belongs  in  part  also  to  the  other  yeast  vitamins, 
all  these  are  sometimes  collectively  called  the  “B  vitamins”  or  the 
vitamin-B  complex  or  the  “B  group  of  vitamins.” 

Later,  to  distinguish  it  from  the  other  members  of  the  “B  group” 

which  were  by  then  recognized  to  exist,  the  antineuritic  substance 

■°ur  Present  thiamine,  but  not  structurally  identified  at  that  time! 
was  designated  vitamin  B,. 


Nutritional  Functions  of  Thiamine 

This  antineuritic  substance  (the  original  vitamin  B,  now  vit; 
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he  effects  upon  growth  and  upon  appetite  may  well  be  inter 
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connected ;  and  to  the  favorite  conundrum  of  Osborne  and  Mendel 
“Does  he  eat  more  because  he  grows  faster,  or  grow  faster  because 
he  eats  more?”  the  best  answer  is  probably,  “Both.” 

The  relation  to  appetite  is,  however,  specific  in  two  senses: 
( 1 )  While  appetite  may  decline  as  the  result  of  any  of  several  vita¬ 
min  deficiencies,  no  other  known  vitamin  has  such  a  prompt  and 
apparently  direct  effect  upon  appetite  as  has  thiamine.  (2)  The  re¬ 
lation  to  appetite  is  also  specific  in  the  sense  that  it  is  a  true  effect 
upon  appetite  as  a  physiological  condition  and  function  of  the 


Fig.  28.  Growth  of  healthy  individuals  as  influenced  by  the  level  of  thiamine, 
the  food  being  allowed  ‘ad  libitum.’  (See  text.) 


body,  and  not  merely  a  matter  of  making  the  food  appetizing.  For 
even  when  the  vitamin  is  given  separately  the  experimental  animal 
will  return  with  appetite,  and  often  with  dramatic  promptness,  to 
the  same  food  which  it  has  previously  refused. 

To  what  extent  the  weakening  of  the  organism  in  thiamine  de¬ 
ficiency  is  due  to  starvation  from  lack  of  interest  in  food  is  still  a 
research  problem;  and  to  what  extent  and  in  what  circumstances 
it  is  feasible  and  desirable  to  stimulate  the  appetites  of  patients  by 
administration  of  thiamine  concentrates  is  a  problem  for  the  physi¬ 
cian.  In  good  scientific  literature  one  may  meet  the  simple  state¬ 
ment  that  this  vitamin  increases  or  stimulates  the  appetite,  ut 
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sometimes  there  is  a  tendency  to  qualify  this  so  sharply  as  to  limit 
it  to  a  statement  that  this  vitamin  restores  an  appetite  which  has 
declined  for  lack  of  it. 

Stabilization  of  the  appetite  is  helpful  to  the  good  growth  and 
general  wellbeing  of  children;  and  with  adults,  while  growth  is  no 
longer  concerned,  there  is  still  value  in  the  toning-up  and  stabilizing 
of  the  appetite,  of  the  digestive  mechanism,  and  of  the  processes 
involved  in  the  carbohydrate  metabolism. 

Peters  and  his  coworkers  at  Oxford  have  especially  studied  the 
relation  of  thiamine  to  the  process  of  metabolism.  They  found  an 
abnormal  accumulation  of  lactic  acid  and  of  the  closely  related 
pyruvic  acid  in  the  brain  tissue  of  pigeons  which  had  been  kept  on 
thiamine-deficient  food;  and  also  that  sections  of  such  brain  tissue 


did  not  show  the  same  power  as  did  parallel  sections  from  a  normal 
brain,  to  oxidize  glucose  in  a  suitable  respiration  apparatus.  Fur¬ 
thermore  it  was  shown  that,  when  thiamine  was  injected  into  poly¬ 
neuritic  pigeons,  the  brain  tissue  was  restored  to  its  normal  power 
of  burning  glucose  completely  to  carbon  dioxide. 

Williams  and  Spies  emphasize  the  view  that  similar  or  analogous 
relationships  exist  in  all  the  various  tissues  in  which  carbohydrate 
metabolism  occurs;  thus  explaining  the  helpfulness  of  liberal  thia- 
mme  mtake  in  widely  varied  physiological  and  clinical  conditions, 
f  he  work  of  Osborne  and  Mendel  and  that  of  Brodie  and  Mac- 
cod  showed  that  the  thiamine  content  of  body  tissues  may  be  in¬ 
fluenced  by  that  of  the  food.  y 

cas^TviTamin  r11"  f’  Le°ng:  and  UnSley*  that,  as  in  the 

vitamin  C  so  also  with  thiamine,  the  amount  excreted  in  the 

urine  reflects  to  some  extent  the  level  of  intake  and  coTcentratLn 

o  the  substance  in  the  tissues  and  fluids  of  the  body  and  that  the 

thiamine  content  of  the  blood  is  lowered  in  conditbns  wWch  in 

^  a  diminished  nutritional  intake  or  an  incre^d  rate  oi 
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of  pyruvic  acid  in  the  blood,  slows  the  action  of  the  muscles  of  the 
heart,  often  from  the  rat’s  normal  rate  of  about  500  beats  per 
minute  to  350  or  less. 

This  experimental  bradycardia  is  quickly  curable  by  injection  of 
thiamine  or  by  ingestion  of  food  which  contains  it.  Such  experi¬ 
ments  have  even  been  made  a  method  of  estimating  the  thiamine 
values  of  foods. 


Measures  of  Thiamine 

The  technique  of  measurement  of  the  thiamine  contents  of  foods 
and  of  artificial  concentrates  is  subject  to  rather  rapid  change  at 
present  and  need  not  detain  us  in  our  present  study;  for  now  that 
thiamine  is  readily  available  in  pure  form  all  methods  for  its  de¬ 
termination  in  foods  or  other  materials  are  of  course  standardized 
by  control  measurements  with  pure  thiamine.  And  for  the  same 
reason  we  can  now  express  the  amount  of  thiamine  contained  in  a 
food  or  desired  in  a  diet  in  direct  terms,  just  as  we  have  done  in  the 
cases  of  protein,  phosphorus,  calcium,  iron,  and  ascorbic  acid; 
though  the  absolute  amounts  of  thiamine  concerned  in  our  normal 
nutrition  are  so  small  that  we  sometimes  use  a  unit  of  weight  even 
smaller  than  the  milligram. 

The  present  custom  is  the  one  recommended  by  Williams  and 
Spies,  namely,  the  expression  in  terms  of  micrograms  or  milligrams. 
The  microgram  is  the  millionth  of  a  gram,  or  the  thousandth  of  a 
milligram.  It  is  often  represented  by  the  Greek  letter  gamma  (  7  ) 
or  (we  think  preferably)  by  the  abbreviation,  meg. 


Human  Requirements 

Williams  and  Spies  (1938)  included  in  their  monograph  very 
careful  estimates  of  the  amounts  of  thiamine  required  to  prevent 
beriberi;  but  more  recently  they,  in  common  with  nearly  all  stu¬ 
dents  of  the  subject,  have  come  to  take  a  view  which  leads  to  a  dis¬ 
tinctly  higher  estimate  of  normal  nutritional  requirement  than  the 
earlier  one  of  Williams  and  Spies.  This  newer  view,  is  based  largely 
upon  investigations  made  in  Wilder’s  laboratory,  in  which  volun¬ 
teers  have  remained  for  relatively  long  periods  on  low-thiamme 
diets  under  the  constant  observation  of  physicians  who  gave  specia 
attention  to  the  detection  of  evidences  of  slight  deficiency  throug 
signs  which  under  ordinary  conditions  might  easily  go  unrecog- 


THIAMINE  (VITAMIN  Bi)  207 

nized.  Wilder  writes  of  these  symptoms  as  impairments  of  emo¬ 
tional  stability  and  of  mental  and  physical  efficiency  which  precede 
the  more  noticeable  signs  of  thiamine  deficiency  by  weeks  or 
months.  After  six  months  of  such  moderate  restriction  and  having 
shown  the  milder  symptoms  for  months  with  entire  clearness  to  the 
physicians  especially  practiced  in  detecting  them,  there  still  was  no 
sign  of  the  characteristic  symptoms  of  beriberi,  such  as  polyneuritis 
and  heart  failure.  Hence  it  is  our  present  view  that  human  require¬ 
ment  is  to  be  judged  not  simply  as  the  small  amount  which  suffices 
to  prevent  beriberi,  but  as  the  larger  amount  required  to  prevent 
the  much  earlier  signs  of  a  relatively  mild  neurasthenia,  plus  a 
margin  for  physiological  variability  of  individuals  and  for  safety 
which  practically  aims  at  an  optimal  intake.*  This  optimal  intake 
has  been  estimated  by  Wilder’s  group  at  not  less  than  0.5  nor  more 
than  1.0  milligram  of  thiamine  per  1000  Calories  of  a  diet  of  ordi¬ 
nary  composition. 

It  is  perhaps  to  be  regarded  as  an  open  question:  how  far  the 
variations  of  individual  views  on  thiamine  requirement  are  due  to 
differences  of  diagnostic  methods  and  interpretation;  and  how  far 
to  actual  physiological  differences  among  normal  people. 

The  Recommended  Allowances  of  the  Food  and  Nutrition 
Board  of  the  National  Research  Council  provide  1.2  milligrams  of 
thiamine  daily  for  a  sedentary  man  or  a  moderately  active  woman 
with  allowances  for  people  of  other  ages  and  activities  set  practi¬ 
cally  in  parallel  with  their  energy  requirements  as  may  be  seei 
from  the  full  table  of  Recommended  Allowances  in  the  Appendix. 


Thiamine  Contents  of  Typical  Foods 

18 ^  VCry  widesPread  occurrence  in  the  animal  and 
getable  kingdoms,  and  therefore  in  foods  of  both  animal  and 

sSteTto  w“Vh7%hrT  been  artificially  refined  or  otherwise 

of  available  d ,  ^  ”  2  herewith  «ives  the  results  of  our  study 

o  available  data  on  some  typical  foods,  stated  in  each  case  in  term( 

nt  s  UoO  estimates  of  average  values  for  a  . 

foods  are  included  in  the  Appendix"  ‘  aFger  number  of 

Mason,  and  wilder  0943 *eadmgs  at  the  end  of  this  chapter,  Williams,  (R.D.), 
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Table  21.  Thiamine  Contents  of  Typical  Foods:  Micrograms  per  100  Grams 


Food 


Range  Within  Which  Aver¬ 
age  Will  Probably  Be  Found 


Foods  of  Animal  Origin 
Beef  muscle 
Chicken  (and  fowl) 

Lamb  and  mutton  (lean) 

Pork  muscle 

Liver  (of  cattle,  sheep,  and  swine) 

Milk 

Eggs 

Egg  white 
Egg  yolk 
Grain  Products 

Oats  (oatmeal) 

Rice,  entire 

Rice,  white  (polished) 

Wheat,  entire 
White  flour  (not  enriched) 
Enriched  white  bread 
Dry  Legumes 

Beans,  pea  or  navy,  dry 
Beans,  Lima,  dry 
Peas,  dry 
Peanuts 

Other  Vegetables  and  Fruits 
Apples 
Bananas 

Beans,  snap  or  string 

Cabbage 

Carrots 

Lettuce 

Orange  (or  juice) 

Peas,  fresh  young  green 
Potatoes 
Spinach 

Tomato  (or  fresh  juice) 


80-180 

75-95 

120-250 

680-1150 

250-400 

40-65 

80-120 

trace 

250-350 

345-770 

240-350 

30-70 

450-660 

60-100 

240 

400-700 

400-700 

600-900 

300-600 

20-50 

40-80 

55-95 

50-100 

60-140 

40-60 

75-145 

270-495 

95-165 

95-155 

60-100 
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Meats  exhibit  a  noteworthy  species  difference  in  that  the  average 
thiamine  content  of  pork  muscle  exceeds  that  of  beef  muscle,  though 
the  data  of  Hughes  (1941)  indicate  that  this  difference  is  some¬ 
what  smaller  and  more  variable  than  has  been  widely  believed. 
The  few  investigations  thus  far  available  do  not  show  a  correspond¬ 
ing  species  difference  in  the  glandular  organs  and  we  have  there¬ 
fore  averaged  the  data  on  the  kidney  and  liver,  respectively,  from 
cattle,  sheep,  and  swine  together.  These  glandular  organs  show 
thiamine  values  intermediate  between  beef  muscle  and  pork  muscle. 

The  thiamine  values  of  milk  and  of  eggs  are  probably  more  stable. 
When  comparing  them  with  each  other  and  with  meats,  the  fact 
that  milk  is  much  more  watery  should  be  kept  in  mind.  When  milk 
is  as  liberally  used  as  (for  several  nutritional  reasons)  is  wise,  it 
becomes  one  of  the  major  sources  of  thiamine  in  the  dietary,  though 
this  fact  is  often  missed  because  of  the  high  water  content  of  milk. 

Cereal  grains  and  their  milling  and  bakery  products  call  for  spe¬ 
cial  attention,  because  while  the  seed  as  a  whole  is  relatively  rich 
in  thiamine  very  much  the  largest  part  of  this  is  rejected  in  the  mill¬ 
ing  of  refined  wheat  flour  or  rice.  The  replacement  of  the  thiamine, 
so  as  to  bring  white  bread  to  something  approaching  a  whole¬ 
wheat  level  in  this  respect,  can  now  be  done  in  any  of  three  ways* 
by  returning  wheat  germ  in  the  making  of  the  bread;  by  the  use 

°  y  devc'°Ped  high-vitamin  yeast;  or  by  adding  thiamine 

itself  to  the  white  flour  when  milled  or  in  breadmaking. 

and  n mhefi  'S  -he  tem  authorized  W  the  United  States  Food 
or  bread®  l  rrata  ‘°  designate  a  white  or  near-white  flour 

such  other  ^  C°ntamS  SPedfied  am°UntS  °f  thiamine  (“d  of 
such  other  things  as  may  be  prescribed  by  Federal  regulations 

W  ether  this  enrichment  be  effected  by  one  o'r  ano her  7th  hre 

wither  mThodTl  “dr7  CTbining  them  With  -h  other  or 
Hours  of  hinhp  ,h  °f  -mi  mg  whlch  produce  white  or  near-white 

nary  roller-rndl  proZ"  tha"  ^  WhUe  floUrs  of  the  °rdi- 

witIhtleewhole-gradin  cere",'  ^  ^  *""*>  rank  "ear  or 

from  an  aterlgf  of tbouflOO  microhms  rffh-0"5  dther  Way 
grams  °f  **  edihle  materia,  in  the 
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and  vegetables  are  marketed.  It  is  a  common  mistake, — met  even 
in  some  otherwise  authoritative  books,  and  often  in  oral  discus¬ 
sion, — to  treat  the  succulent  fruits  and  vegetables  as  if,  containing 
only  about  one  part  per  million  of  thiamine,  they  were  therefore 
nearly  negligible  sources.  But  because  of  their  succulent  character 
(and  relatively  low  calories)  fresh,  including  frozen  and  cold- 
stored,  fruits  and  vegetables  can  be  consumed  in  liberal  quantities 
with  pleasure  and  without  fear  of  making  the  dietary  too  fattening. 
Moreover,  our  newest  knowledge  of  nutrition  tells  us  even  more 
clearly  than  did  the  “newer  knowledge”  of  a  few  years  ago,  that 
liberal  use  of  such  fruits  and  vegetables  is  so  advantageous  to  health 
and  efficiency  as  to  be  especially  good  dietetics  and  food  economics. 
A  normal  adult  dietary  which  gives  due  recognition  to  present-day 
knowledge  will  very  probably  contain  two  to  three  pounds  of  total 
fruit-and-vegetables  in  the  course  of  a  day,  and  when  used  in  such 
quantities  the  fruits  and  vegetables  as  a  group  are  among  the  major 
sources  of  thiamine  in  the  dietary.  A  more  abundant  use  of  fruits 
and  vegetables,  the  selection  varying  with  individual  preference  and 
with  market  supply  and  price,  is  certainly  one  of  the  very  best  ways 
of  improving  the  dietary  in  several  of  its  mineral  and  vitamin 
factors. 


Stability  of  Thiamine  in  the  Storage  and  Preparation  of  Foods 


Mature,  dry,  unbroken  seeds  seem  to  contain  their  thiamine  in 
a  relatively  stable  form  and  favorable  environment.  In  one  pub¬ 
lished  report,  the  evidence  of  local  records  was  accepted  as  show¬ 
ing  that  wheat  taken  from  the  bottom  of  a  certain  tight  dry  granary 
compartment  was  a  century  old.  On  feeding  to  experimental  ani¬ 
mals  it  was  found  to  be  a  potent  source  of  thiamine.  Obviously 
there  was  no  means  of  knowing  just  how  much  thiamine  it  had 
originally  contained;  but  obviously  also  the  thiamine  of  this  wheat 

had  shown  good  stability.  ...  U1 

Like  other  thermolabile  substances  thiamine  is  more  stable 


heating  in  a  dry  state  than  in  solution. 

Thiamine,  like  vitamin  C,  is  (other  conditions  being  equal)  dis¬ 
tinctly  more  stable  in  a  moderately  acid  than  in  a  correspondingly 


alkaline  solution.  .  .  .  ,  j 

In  tomato  juice,  for  instance,  experiments  at  Columbia  showed 

that  the  rate  at  which  the  destruction  of  thiamine  occurred  was 
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gradually  increased  with  rising  temperature  (thus  correcting  the 
early  impression  that  the  substance  was  “stable  at  100°  but  de¬ 
stroyed  at  130°”),  while  other  work  brought  out  clearly  the  de¬ 
structive  effect  of  additions  of  alkali  on  whichever  side  of  the 
neutral  point. 

In  one  series  of  experiments,  heating  was  always  at  the  nat¬ 
ural  acidity  of  the  tomato  juice  (pH  —  4.3).  At  100°  C.,  this  heat¬ 
ing  destroyed  20  per  cent  of  the  original  thiamine  in  4  hours;  at 
110°,  33  per  cent;  at  120°,  47  per  cent;  and  at  130°,  55  per  cent. 
Clearly  there  is  here  no  sudden  destruction,  or  even  sudden  rise  in 
the  rate  of  destruction,  at  any  definite  temperature.  The  chemical 
reaction  which  changes  the  thiamine  into  something  else  is  in¬ 
creased  in  its  rate  as  the  temperature  rises,  but  no  more  so  than 


most  chemical  reactions.  Another  study  showed  also  a  destruc¬ 
tion  of  20  per  cent  of  the  thiamine  of  tomato  juice  when  heated  4 
hours  at  its  natural  acidity;  when  the  acidity  was  about  half  neu¬ 
tralized  before  the  heating,  the  destruction  rose  to  31  per  cent;  and 
when  the  juice  had  been  brought  barely  over  the  neutral  point  (to 

pH  7.9)  the  destruction  for  the  same  time  and  temperature  of 
heating  was  70  per  cent. 

While  thiamine  and  ascorbic  acid  thus  show  a  similarity  in  their 
thermolability  and  susceptibility  to  alkali,  we  would  not  be  justified 
in  assuming  from  these  facts  similarity  of  behavior  of  vitamins  in 

frm-f™  -i°r  )l°rgan  has  found  that  the  impregnation  of  drying 
with  sulfurous  acid  diminishes  the  loss  of  vitamin  C  but 
increases  the  loss  of  thiamine. 


2fj;:;Vr'V  madC  7  the  U'  S'  DePartment  of  Agriculture,  about 
20  to  25  per  cent  of  the  thiamine  of  spinach,  potatoes  and  snan 

wMe  aWddh  7yCd  When  thCSe  VegCtables  werTcooked  by  boi W 

st™  the  ;rna  oa,ru0n;were  dirlved  away-  s°da’  ^  C- 

auction  of  thiamine  In  cooking  Cook"  'han  doubkd  the  de- 
or  under  steam  pressure  and  d?n,  hi  CaiTOtS  ln  boiling  water 

and  whole  wheat  up  to  ’two  hours  dTnof  C°°kmg  °f  rolled  oats 
destruction  of  thiamine-  hut  +•’  n,0t  cause  anY  measurable 

Per  cent  of  the  thiamine  presenT  ®  ?  Greyed  40  to  45 

\nr to  haw  b- ab- 

termination  of  thiamine  do  not  reveallhe  *  f°r  de" 

ln  the  baked  product.  In  a  special  stud  ",°'i  amount  present 

special  study  made  by  the  Food  and 
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Drug  Administration  and  reported  in  the  official  hearings  upon 
the  proposed  new  standards  for  bread,  the  baking  losses  ranged 
from  too  little  to  measure,  up  to  about  15  per  cent  as  a  maximum, 
and  averaged  less  than  one  tenth  of  the  thiamine  originally  present 
in  the  dough  from  which  the  bread  was  made. 

In  an  investigation  of  wheat  germ  muffins,  it  was  found  that 
there  was  no  cooking  loss  of  measurable  degree  unless  soda  was 
used,  but  with  the  use  of  soda  there  was  a  loss  of  26  per  cent  of 
the  original  amount  of  thiamine.  (For  the  full  account,  see  Fincke 
and  Little  (1941)  in  the  list  of  Suggested  Readings  below,  which 
list  also  gives  references  to  other  studies  of  losses  in  cooking.) 


Thiamine  and  the  Enrichment  Program 

The  trend  of  opinion  has  been  and  is  favorable  to  liberal  use  of 
thiamine. 

The  argument  runs  that  three  causes  operate  to  produce  thia¬ 
mine  deficiency  in  the  body:  (1)  low  intake;  (2)  derangement  of 
gastrointestinal  function  which  may  diminish  absorption;  and  (3) 
increased  destruction  or  inefficiency  of  utilization  in  the  tissues 
(with  resulting  relatively  large  individual  differences  of  need). 

The  fact  that  a  large  proportion  of  the  total  food  calories  has 
very  often  been  taken  in  the  form  of  artificially  refined  foods  con¬ 
taining  little  if  any  thiamine  is  unquestionable. 

Whether  a  large  proportion  of  people  have  abnormalities  of  di¬ 
gestion  or  metabolism  which  prevent  their  efficient  absorption  and 
use  of  thiamine,  and  therefore  need  considerably  more  than  the 
normal,  is  a  medical  question  which  reaches  beyond  the  scope  of 

this  book.  ,  .  , 

The  comprehensive  and  critical  review  of  clinical  experience  up 

to  1938  given  by  Williams  and  Spies  in  their  Vitamin  B,  {Thia¬ 
mine)  and  Its  Use  in  Medicine,  presents  abundant  evidence  of 
favorable  attitudes  on  the  part  of  physicians;  and  leading  physicians 
not  only  continue  to  make  much  use  of  thiamine  therapeutica  y 
but  have  also  cordially  endorsed  the  movement  to  bring  more  thia¬ 
mine  into  our  daily  dietaries  through  the  use  of  bunched  flour  a 

br Williams  and  Spies  (1938)  also  emphasized  the  view  that  de¬ 
ficiencies  too  mild  to  be  recognized  may  nevertheless  be • 
in  their  weakening  effects;  that  sometimes  too,  a  diet  follow 
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cause  of  a  fear  of  digestive  weakness  is  poor  in  thiamine  and  thus 
actually  induces  a  slow  degeneration  of  the  digestive  powers  and 
perhaps  also  of  the  appetite;  and  moreover  that  “Because  of  custom 
or  preconceived  ideas  as  to  what  foods  are  good  for  them,  or  be¬ 
cause  of  dependence  upon  appetite  as  a  guide  to  the  proper  selec¬ 
tion  of  foods,  many  people  are  likely  to  choose  a  poorly  balanced 
diet,”  even  when  poverty  is  not  a  factor  in  their  food  selection. 

The  British  Medical  Journal  pointed  out  editorially  that  in  Eng¬ 
land  the  social  custom  of  using  the  white  bread  which  the  present- 
day  roller  process  of  milling  enables  the  baker  to  offer  to  his  public 
has  resulted  in  the  unjustifiable  situation  that  even  the  comfortably 
circumstanced  typical  Englishman  of  recent  years  was  getting  less 
thiamine  than  the  half-starved  paupers  of  a  century  ago;  for  while 
the  latter  were  given  only  a  semi-starvation  ration  it  consisted  largely 
of  bread  which  had  not  been  robbed  of  any  of  the  natural  constitu¬ 
ents  of  the  wheat.  And  a  little  later,  the  British  quarterly  Nutrition 
Abstracts  and  Reviews  gave  leading  position  to  a  review  by  Cop- 
pmg  (1939)  which  recognizes  frankly  the  strength  of  social  custom 
and  of  the  preference  of  the  milling  and  baking  interests  for  the 
products  which  are  easiest  for  them,  and  explains  that  the  interest 
Ol  the  public  health  requires  a  modification  of  the  fashion  of  ex- 
treme  whiteness  (“fineness”)  in  flour  and  bread. 

standard^  C°ndud^S:  that  the  change  from  the  formerly 

standard  flour  which  contained  more  of  the  wheat  to  the  present- 

day  whne  flour  has  resulted  in  the  reduction  of  the  nutritive  value 

of  the  protein,  m  serious  lowering  of  the  content  of  calcium  phos- 

m-rX  lr°";,r  WdI  ^  thC  neaar,y  elimination  ofvha- 

mm  value  .  all  representing  dead  loss  nutritionally”-  (2)  that 

bothtXtX  tbV0  WHh°le-Wheat  fl°Ur  “  will  be’nfcLt; 

ing  milling  industry  and  flour  trad^ndTs  rth^h  ^d  ^  eXiSt_ 

to  be  gained  in  national  health  wou’ld  make  it  well  C  a^Va".t,ages 
overcome  these  difficulties.”  ‘  *  Worth  while  to 

duced^vhen  tcor^erciaf  produ^b  *  ^  diffiCU'‘y  W“  Sreatly 
the  restoration  of  this  vitamin  hv  Y  ^nthesis  made  possible 
familiar  white  flour  Y  a  mg  the  pure  substance  to  the 

nol attempt 

attempt  to  ensure  that  the  restoration  shall  be  ent^Vp  "  wLk 
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wheat  levels.  The  basis  chosen  by  the  Food  and  Drilg  Administra¬ 
tion  was  rather  that  the  enrichment  should  be  sufficient  so  that 
the  new  white  flour  should  “carry  its  share”  of  the  thiamine  needed 
in  our  nutrition.  Hence  eating  Enriched  bread  does  not  in  itself 
“solve  the  thiamine  problem”;  but  it  is  a  worthwhile  help.  Those 
who  insist  that  all  the  white  bread  they  eat  shall  be  enriched  have 
taken  a  significant  step  in  the  right  direction,  and  often  this  im¬ 
provement  may  be  sufficient  to  raise  the  diet  to  an  excellent  level 
of  thiamine  content  if  it  is  reasonably  abundant  and  well  balanced 
in  other  respects. 


EXERCISES 

1.  Develop  symptoms  of  thiamine  deficiency  in  rats,  pigeons,  fowls, 
or  chicks  by  means  of  a  diet  deficient  in  thiamine. 

2.  What  is  the  thiamine  content  of  each  of  the  dietaries  or  weekly 
food  orders  which  you  have  previously  planned  or  recorded? 

3.  Arrange  your  “twelve  to  forty  foods”  in  the  order  of  their 
thiamine  content:  ( a )  per  100  grams  of  the  edible  portion;  (6)  per 
100  Calories. 

4.  Which  of  the  dietaries  which  you  have  previous  studied  provide 
as  much  thiamine  as  the  Recommended  Daily  Allowances? 

5.  In  your  own  home,  or  where  you  take  your  meals,  is  all  white 
bread  enriched?  Is  this  also  true  of  all  white  flour  used  in  other  ways? 

6.  By  inquiry  and  observation  in  bakery  and  grocery  shops,  what 
proportion  of  the  breadstuffs  sold  in  your  community  would  you 

judge  to  be  enriched  or  whole-grain? 

7  If  all  the  breadstuff's  consumed  were  enriched  or  whole  grain, 
would  you  feel  that  no  further  thought  need  be  given  to  either  iron 
or  thiamine  in  planning  dietaries  for  normal  people? 
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RIBOFLAVIN,  NIACIN  (NICOTINIC  ACID), 
AND  THE  PROBLEM  OF  PELLAGRA 
WITH  ITS  RELATED  ILLS 


Introductory  Explanation 


The  science  of  nutrition  of  1920  recognized  vitamins  A,  B,  and 
C.  Since  that  time  not  only  have  several  independent  additions  been 
made,  but  also  there  have  been  differentiations  within  the  original 
concepts.  Most  especially  is  this  true  of  vitamin  B.  We  are  not 
here  concerned  with  questions  as  to  how  many  members  of  the 
>kB  group  of  vitamins”  there  are,  or  as  to  all  the  different  desig¬ 
nations  and  concepts  that  have  been  more  or  less  current  in  the 
course  of  the  evolution  of  our  knowledge  up  to  its  present  point. 
Rather,  this  chapter  is  devoted  to  two  of  the  more  heat-stable 
vitamins  of  the  B  group.  Each  of  these  is  now  a  well  recognized 
specific  nutrient;  both  are  involved  in  the  problem  of  pellagra 
and  its  related  ills.  Hence  they  are  included  together  in  this  chap¬ 
ter.  First  we  shall  study  riboflavin,  its  significance  in  nutrition  and 
its  quantitative  distribution  in  foods,  in  much  the  same  way  that 
we  studied  thiamine  in  the  preceding  chapter;  then  we  take  up 
more  briefly  niacin  (nicotinic  acid)  regarding  which  our  quantitaP 
tlVe  k"°w'edge  is  still  too  tentative  to  call  for  treatment  on  the 

he"ithP  anwnd  SCa/e'  F!nally  We  shaM  discuss  the  very  important 
eases  inwhiT  she  \  PreVfemi°n  °f  PellaSra  and  the  other  dis¬ 
solved  ‘ageS  °f  °ne  °r  b°th  "f  vitamins  are 

Riboflavin 

as  an  occasional  ex- 

promoting  value  (as  an  addition  to 
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after  it  had  been  heated  to  destroy  its  thiamine.  Evidently  it  con¬ 
tained  something  of  nutritional  significance  which  is  more  stable 
toward  heat  than  thiamine  is. 

This  relatively  heat-stable  (thermostable)  something  was  found 
also  to  be  present,  in  relatively  greater  abundance  than  was  thia¬ 
mine,  in  milk;  and  likewise  to  a  very  significant  extent  in  egg- 
white,  which  showed  only  traces  of  thiamine. 

It  had  long  been  known  that  milk  contains  beside  the  orange- 
yellow  fat-soluble  substance  which  goes  into  the  butter  or  cheese,  a 
greenish-yellow  water-soluble  natural  coloring  matter,  which  was 
first  called  lactochrome,  and  later  lacto flavin.  And  this  lactoflavin 
now  turned  out  to  have  nutritional  effects  agreeing  with  some  of 
those  of  the  “heat-stable  fraction”  of  yeast.  The  explanation,  or  part 
of  it,  was  found  to  be  that  the  individual  substance  lactoflavin  is 
one  of  the  relatively  heat-stable  factors  contained  in  yeast,  in  milk, 
and  in  some  other  foods. 

This  factor  was  also  separated  as  a  pure  substance  from  egg 
white  and  found  to  be  chemically  the  same  whether  obtained  from 
milk,  or  egg,  or  any  of  a  number  of  other  sources.  Very  soon  too 
it  was  synthesized  in  the  laboratory  and  its  chemical  nature  fully 
established.  (The  structural  formula  is  shown  on  page  256  of  the 
American  Medical  Association’s  “The  Vitamins,  1939”  and  on 
page  372  of  the  Seventh  Edition  of  “Chemistry  of  Food  and 
Nutrition.”) 

Riboflavin  is  the  name  coined  (after  the  molecular  structure  had 
been  determined)  to  suggest  as  much  of  the  chemical  nature  as  a 
single  short  word  can;  and  as  being  equally  appropriate  for  the 
substance  whether  made  synthetically  or  derived  from  any  of  its 
natural  sources. 

Riboflavin  is  widely  distributed  in  both  plant  and  animal  tissues 
and  is  contained  in  relative  abundance  in  milk  and  eggs,  the 
means  by  which  animals  convey  nutriment  from  one  generation  to 
the  next.  In  this  latter  respect  it  may  be  considered  the  water- 

soluble  analogue  to  the  fat-soluble  vitamin  A. 

In  experiments  with  rats  it  has  been  found  that  riboflavin  is  es¬ 
sential  both  to  growth  and  to  normal  nutrition  at  all  ages.  When 
the  food  is  poor  in  riboflavin  for  any  considerable  length  of  time, 
digestive  disturbances,  nervous  depression  (different  from  the  poly¬ 
neuritis  of  thiamine  deficiency),  general  weakness  and  lowering  o 
tone  and  an  unwholesome  condition  of  the  skin  with  or  without. 
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eye  trouble,  are  apt  to  develop;  the  incidence  of  infectious  disease 
is  likely  to  be  increased,  vitality  diminished,  life  shortened,  and  the 
prime  of  life  curtailed  by  the  unduly  early  onset  of  the  aging 
process. 

There  is  strong  scientific  probability  that  the  effects  of  higher  or 
lower  riboflavin  intake  upon  the  life-history  will  be  similar  in  their 
general  trend  and  significance  in  the  human  family  to  those  ob¬ 
served  in  rat  families  which  (with  a  uniform  hereditary  back¬ 
ground  and  with  environmental  factors  alike  in  all  other  respects) 
have  been  fed  for  two  or  more  generations  on  dietaries  of  different 
riboflavin  content.  Such  experiments  by  Ellis  and  others  in  the 
Columbia  University  laboratories  showed  that  when  account  is 
taken  of  the  full-life  and  successive-generation  effects,  increasing 
benefits  continue  to  result  from  increasing  richness  of  the  dietary 
in  riboflavin,  up  to  intake  levels  more  than  twice  as  high  as  that 
of  minimal  adequacy. 

The  best  known  function  of  riboflavin  is  that  it  combines  with 
phosphoric  acid  and  protein  to  form  tissue  respiratory  enzymes 
which  are  importantly  involved  in  the  life  processes  of  probably  all 
active  tissues.  It  therefore  seems  probable  that  the  unrecognized 

uCu  f  shortaSes  of  riboflavin  in  man  are  more  widespread  in 
the  body  than  the  symptoms  which  have  yet  been  established 
clinically. 

Quantitative  Studies  of  Riboflavin  Intake  Levels 

reetdWhahern  ‘n  earKer  chapters’  there  are  some  nutrients 

Idaee  h!f  •  T*™  knowledSe  agrees  with  the  old 

ge  that  enough  is  as  good  as  a  feast.”  Probably  most  students 

Of  nutrition,  or  at  least  the  more  open-minded  and  less  radition 

bound  among  them,  would  agree  that  protein,  fat  sugTr  table  salt' 

it  has  ‘  Tng  °ther  thus  redded  In  fa« 

r*  ••  -  ™ 2 

actually  needs  But  ricent  re  “urf  nutriment  above  what  one 
nutrients  of  thfch  inereaSed  ^  Sh°W"  there  are  oth- 
benefits,  up  to  levels  much  above  Those"  which”  additi°naI 

AmTnTthTmjtrients^thus  T  *  ff  ^  '“em* 

constructive  improvement 
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Table  22.  Adult  Performance  Plateaued,  but  Offspring  Showing  Added  Benefit  from 

Increased  Intake  of  Riboflavin 


On  Diet  with  3  Meg.  On  Diet  with  10  Meg. 
per  Gram  of  Air-  per  Gram  of  Air- 

dry  Food  dry  Food 


Records  of  Original  Animals 

Age  of  females  at  birth  of  first 

M  ean 

Mean 

young, 

days 

(45)“ 

117 

(46)“ 

120 

Total  number  of  young  borne 
per  female 

Total  number  of  young  reared 

(48) 

29 

(48) 

24 

per  female 

(48) 

16 

(48) 

16 

Reproductive  life  of  females, 
Length  of  life, 

days 

(48) 

251 

(48) 

(32) 

228 

of  males 

days 

(32) 

673 

671 

of  females 

days 

(48) 

758 

(48) 

726 

Records  of  Offspring 

Gain  in  weight  during  28th  to 

56th  days6  of  age, 

(22) 

97.1 

males 

grams 

(17) 

88.5 

females 

grams 

(19) 

64.8 

(23) 

73.4 

Gain  in  weight  during  5th-7th 

week  of  age  on  riboflavin  - 
free  diet, 

(19) 

10.4 

males 

grams 

(19) 

4.6 

females 

grams 

(18) 

4.3 

(18) 

9.7 

Days  of  survival  on  thiamine- 

free  diet  from  age  of  28 
days, 
males 
females 

(8) 

(7) 

33.1 

35.6 

(8) 

(7) 

38.9 

44.6 

a  Number  of  cases  shown  in  parenthesis. 

'•  On  maternal  diet. 

obviously  needed  for  normal  results— or  as  McCollum  Put 
in  which  there  are,  or  may  be,  important  differences  beme 
minimal-adequate  and  optimal  nutrition-are  calcium  (Ch. VHI), 
“ns  A  and  C  (Chs.  XV  and  XI),  and  riboflavin  (Table  22 

TSk  experiments,  animals  of  like  genetic  and  nutritional 
backgrounds  were  fed  successively  increased  amounts  of  riboflavin, 
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The  rate  of  growth  increased  with  the  riboflavin  content  of  the  food 
up  to  about  3  micrograms  per  gram  of  air-dry  food.  But  3  and  10 
micrograms  per  gram  of  food  resulted  in  practically  identical 
growth  curves  and  adult  body  weights.  Other  criteria  yielded  less 
regular  results  but  in  general  the  records  of  adult  performance  were 
essentially  “plateaued”  over  a  range  of  intake  of  3  to  10  micro¬ 
grams  per  gram  of  dry  food.  Nevertheless,  the  higher  of  these 
levels  did  show  superior  results  when  the  experiments  were  carried 
into  a  second  generation,  as  is  shown  by  the  last  six  lines  of  Table 
22. 


Riboflavin  in  Relation  to  Health  and  Disease 

The  Journal  of  the  American  Medical  Association  has  spoken  of 
riboflavin  as  being  “necessary  for  the  maintenance  of  the  defense 
powers  of  the  organism”;  and  several  investigators  have  reported 
that  riboflavin  deficiency  lowers  the  resistance  of  experimental  ani¬ 
mals  to  certain  diseases. 

Late  in  1938  riboflavin  deficiency  was  reported  by  Sebrell  and 
Butler  as  a  human  deficiency  disease  ( ariboflavinosis )  and  during 
the  next  two  years  many  cases  were  reported,  some  occurring  in¬ 
dependently  and  some  in  conjunction  with  pellagra.  (For  examples 
of  the  medical  evidence  see  Sebrell  and  Butler  (1938),  Syden¬ 
stricker,  Geeslin,  Templeton,  and  Weaver  (1939),  Kruse’  Syden- 
stncker,  Sebrell,  and  Cleckley  (1940),  Sydenstricker,  Sebrell, 

Cleckley,  and  Kruse  (1940),  and  Sydenstricker  (1941),  in  the  list 
of  Suggested  Readings  below.) 

Che, lasts  (cracking  of  the  lips  at  the  corners  of  the  mouth)  and 

wWchTh T"  °  !he.,C0™ea  are  two  definitely  located  lesions  for 

perhaps  the  ^  ?f  nb°,  ™  aPPears  to  be.  while  not  the  sole, 
p  haps  the  most  usual  cause,  and  which  have  been  repeatedly 
observed  in  people  of  various  ages  repeatedly 

t  t  .  y  a  so>  at  least  in  low-income  groups 

Very  interesting  were  the  cases  F  ‘ 

Southern  hosnital  st^ff  K  e  a  ?  Und  amon§  members  of  a 
TW  ^  taff  by  Sydenstricker  and  coworkers  M94m 

these  people  chose  their  food  at  will  f  ooworKers  ( 1940). 
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tional  deficiency,  but  on  hearing  that  the  research  physicians  were 
interested  in  cracked  lips  and  “eyestrain”  they  offered  themselves 
for  examination  and  were  found  to  show  typical  symptoms  of 
shortage  of  riboflavin.  The  investigators  considered  that  dietary 
neglect  of  milk,  eggs,  and  green  vegetables  (although  these  were 
offered  in  the  daily  fare)  was  the  cause  of  the  riboflavin  deficiency 
in  these  cases.  Undoubtedly  dietaries  similarly  poor  in  riboflavin 
are  taken  by  very  large  numbers  of  other  people  because  of  poverty. 
Dr.  Wilder  has  spoken  of  having  met  the  folk-lore  expression  “poor 
folks’  mouth”  as  a  name  for  the  cheilosis  now  recognized  as  a 
symptom  of  riboflavin  deficiency. 

China,  India,  and  Africa  have  all  reported  areas  of  high  in¬ 
cidence  of  human  riboflavin  deficiency. 

In  the  United  States  probably  the  majority  of  cases  of  human 
riboflavin  deficiencies  either:  (1)  are  in  people  who  are  simul¬ 
taneously  subjects  of  some  other  deficiency  as  well  and  are  cured 
and  recorded  as  pellagrins;  or  (2)  are  subclinical  and  go  unrecog¬ 
nized,  though  lowering  the  health-plane,  efficiency,  and  earning 
power  of  the  victims. 

Another  reason  for  uncertainty,  as  to  how  prevalent  riboflavin 
deficiency  ( ariboflavinosis )  is  in  this  country,  lies  in  the  fact  that 
there  may  be  other  causes  (also)  for  some  of  the  conditions  fiist 

attributed  to  shortage  of  this  vitamin. 

Inasmuch  as  this  book  seeks  to  serve  in  the  field  of  health  rather 
than  of  pathology,  it  is  appropriate  to  emphasize  here  that,  what¬ 
ever  may  be  the  exact  relation  of  this  vitamin  to  one  or  another 
specific  disease,  there  is  no  doubt  that  riboflavin  is  a  very  impor¬ 
tant  factor  in  health.  And  this  is  true  both  for  health  as  freedom 
from  disease  and  for  the  upbuilding  and  maintenance  of  that  higher 
health  which  is  rightly  regarded  as  a  positive  quality  of  life. 


Measurement  of  Riboflavin 

Now  that  riboflavin  is  available  in  pure  form,  the  amount  of 
this  factor  contained  in  food  or  required  in  nutrition  can  be  ex¬ 
pressed  in  terms  of  actual  weight  of  riboflavin. 

On  the  other  hand  we  now  know  that  riboflavin  exists  in  plant 
and  animal  tissues,  and  thus  in  foods  generally,  both  in  the  re 
state  and  in  combinations  of  at  least  five  to  seven  kinds.  This  fact 
complicated  the  development  of  simple  in  vitro  methods  applies 
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to  all  kinds  of  foods.  Meanwhile  measurements  have  been  made  by 
means  of  very  carefully  controlled  quantitative  feeding  tests  and 
more  often  recently  by  microbioassay  methods  based  upon  measure¬ 
ment  of  some  activity  of  a  specific  microorganism  in  a  medium  in 
which  riboflavin  is  the  sole  limiting  factor. 

All  the  methods  just  mentioned  are  sufficiently  accepted  so  that 
data  obtained  by  any  of  them  are  used  interchangeably  or  col¬ 
lectively  in  considerations  of  riboflavin  needs  in  nutrition  and  ribo¬ 
flavin  values  of  foods. 


Recommended  Daily  Dietary  Allowances  of  Riboflavin 

\\  hen  the  system  of  Recommended  Allowances  was  being  formu¬ 
lated  in  1940-41,  riboflavin  was  thought-of  primarily  as  function¬ 
ing  like  thiamine  in  combination  with  protein  and  phosphoric  acid 
as  a  tissue  respiratory  enzyme— or  a  group  of  such  enzymes.  From 
that  point  of  view  it  seemed  likely  that  riboflavin  requirement 
wou  tend  to  run  parallel  with  thiamine  requirement  and  with 
energy  metabolism  Hence  in  the  1941-45  tables  of  Recommended 

fnr°thanCeS  th°S?  f°^  nboflavm  were  set  nearly  parallel  with  those 
for  thiamine  at  levels  about  50  per  cent  higher 

In  1 948,  however,  the  functioning  of  riboflavin  in  the  body’s 

renutme  T*****  W“  ^  COnceived  and  the  riboflaHn 

requirements  were  set  more  nearly  parallel  with  those  for  protein 

as  depending  mainly  upon  age  and  size  and  as  being  largely  in- 

pendent  of  thiamine  requirement  or  of  the  level  of  energy  nJtab 

ferring  riboflavin  level  to  micrograms  per  gramol  airTv 7  T 

ZT  leVd  "  °ften  «  percentage  o/p^The 

milligrams  of7fc7fla7i7eatetottd  food111™^*^  all°WanCe  °f  U 
dry  food  mixture  per  day,  this  tin  m  °  7"™lent  to  «»  grams  of 
per  gram  of  dry  food  and  can  be  r  °  ™lcr?Srams  of  riboflavin 
rats  in  studies  of  the  effects  of  Wh  °mPare  Wlth  tfle  amounts  fed 
as  we  can  study  and  discuss  hiah®  7  7  kVeIs  °f  riboflavin.  just 

terms  of  percent  of  protein  in  the  food^ixtut  in 
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In  neither  case  can  we  expect  to  translate  the  findings  on  one 
species  directly  into  precise  quantitative  recommendations  for  an¬ 
other  species;  but  the  results  of  the  animal  experimentation  may 
give  valuable  guidance  as  to  whether  the  allowances  recommended 
for  human  nutrition  should  be  closely  fitted  to  “rock  bottom  re¬ 
quirements,”  or  would  be  more  wisely  set  to  allow  more  generous 
margins. 

From  the  findings  of  large  numbers  of  long-term  experiments 
with  laboratory  bred  and  controlled  rats,  a  representative  series 
of  which  is  summarized  in  Table  22,  it  appears  that  the  general 
level  of  the  1948  Recommended  Allowances  corresponds  with  the 
minimal  edge  of  the  approximately  optimal  zone  as  indicated  by 
the  original  or  “first  generation”  animals — those  receiving  the 
assigned  diet  from  infancy  till  natural  death.  When  the  offspring 
of  such  experimental  families  were  continued  on  the  respective 
family  dietaries  the  objective  records  of  performance  indicate  that 
optimal  performance  in  the  successive-generation  type  of  test 
required  a  still  higher  level  of  riboflavin  intake. 

Thus  there  is  here  a  general  finding  that  the  long-term  type  of 
research  with  objective  evidence  through  entire  life-times  and  into 
successive  generations  shows  that  riboflavin  carries  the  potentiality 
of  larger  benefits  than  are  fully  revealed  by  experiments  covering 
only  short  segments  of  the  life  cycle.  There  are  also  more  specific 
benefits.  Dr.  C.  G.  King*  emphasizes  the  fact  that  lessened  in¬ 
cidence  of  at  least  one  form  of  cancer  has  been  found  independ¬ 
ently  in  three  research  laboratories.  Bessey  and  coworkers  found 
protection  from  rickettsial  infections.  Day  and  his  coworkers  found 
protection  from  a  type  of  cataract— a  finding  of  special  interest 
in  view  of  the  connection  between  riboflavin  level  and  incidence  ol 

There  is  doubtless  also  human  significance  in  the  observation  by 
Street  and  Cowgill  (1939)  in  the  nutrition  laboratory  at  Yale  that 
a  dog  may  continue  in  apparent  good  health  on  a  riboflavin  de¬ 
ficient  diet  for  100  to  140  days,  but  finally  go  into  a  collapse  or 
rapid  decline  which  however  is  curable  by  riboflavin  if  this  is  given 

m  Thus  while  experiments  have  been  made  in  which  well  nourished 
young  men  have  apparently  maintained  their  health  and  fi  . 
for  w-ork  with  riboflavin  intakes  materially  below  the  levels  of 

*  J.  Am.  Dietet.  Assoc.  25,  109  (1949). 
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1948  Recommended  Allowances,  the  longest  of  such  experiments 
were  less  than  one  per  cent  of  a  normal  life-span,  which  is  shown 
to  be  inconclusive  as  compared  with  large  numbers  of  animal  ex¬ 
periments  extended  through  entire  lifetimes  and  into  successive 
generations. 

Much  well-controlled  animal  experimentation  with  species  which 
are  known  to  resemble  the  human  in  the  nature  of  their  nutrition 
processes  has  clearly  shown  both  the  long-term  superiority  of  liberal 
intakes  of  riboflavin  over  intakes  fashioned  closely  upon  relatively 
short-term  concepts  of  minimal  adequacy.  The  more  liberal  intakes 
result  in  superior  performances  both  in  complete  individual  and 
family  life  histories  and  in  respect  to  efficiency  in  meeting  particular 
stresses.  Thus  Gyorgy  and  Whipple  found  that  liberal  riboflavin 
supplies  enhanced  the  efficiency  of  hemoglobin  regeneration  after 
experimental  losses;  and  Ellis  and  Bessey  found*  riboflavin  to  be 
among  the  factors  of  which  liberal  supplies  tend  to  superior  blood 
emoglobm  values  throughout  normal  life  cycles  including  the 
stresses  of  reproduction. 


Donelson  and  Macy  (1932),  investigating  riboflavin  before  it 
had  been  given  that  name,  found  that,  when  the  mother’s  diet  is 

poor  her  breast  milk  may  not  fully  meet  the  riboflavin  needs  of  the 
rapidly  growing  infant. 


Bosse  and  Axelrod  (1948)  find  that  the  rate  and  quality  of 

Phed  than  wfi  beMer  When  the  b°dy  is  abu"y  sup- 

p  ed,  than  when  it  is  only  scantily  supplied,  with  riboflavin’  P 

of  thelJ,  ( '946)  haVC  f°Und  that  the  total  work  output 

bv  additTo  TemuUi  mUSde  °f  the  fr°?  was  significantly  increased 
by  addition  of  riboflavin  to  the  perfusion  solution 

lively  rich  in  riboflavin  one  is  am  if  T’lh  ^  m'lk  ^  aU  rela‘ 
recognize  a  growing  nrohahT.  P.L  f  SU*clemly  openminded,  to 

really  rcsponSlTTor  a  sScL  ^h  IT  ^  ^  b“" 

benefit  which  has  been  traditionally  attributed'  mTSTl  ^ 
of  animal  protein.”  outed  to  liberal  intake 

Nutrition  Reviews  summarized 4  tL 

7  CSSentia',y  aS  R-  -  good'chet  showed  i'n  t'he  fi 

f  tm:  I  Physiol.  113,  582-585  (1935) 
t  utntion  Reviews  1,  267-268  (1943). 
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generation  (the  original  experimental  animals)  no  added  benefit 
to  their  own  growth  performance  and  apparent  nutritional  status 
when  the  riboflavin  content  of  their  diet  was  increased  from  3  meg. 
to  10  meg.  per  gram  of  dry  food,  but  the  offspring  did  show  added 
benefit  from  the  higher  intake  level,  suggesting  potentialities  the 
full  revelation  of  which  required  either  broader  search  or  longer- 
term  experimentation  or  both.  In  1935  Ellis  and  Bessey  suggested 
that  riboflavin  is  one  of  the  factors  contributing  to  the  maintenance 
of  a  normal  hemoglobin  level,  and  in  1938  Gyorgy,  Robscheit- 
Robbins,  and  Whipple  showed  that  regeneration  of  hemoglobin  was 
hastened  by  dietary  riboflavin.  Ellis  found  that  the  intake  level  of 
3  meg.  per  gram  of  dry  food-mixture  supported  the  full  plateau 
value  of  hemoglobin  concentration  in  the  blood.  In  some  other  way 
or  ways,  however,  the  three-fold  higher  intake  level  did  bring  added 
benefit  to  the  young  of  the  same  families — the  offspring  of  the 
same  original  experimental  animals — notably  in  their  better  per¬ 
formance  as  shown  objectively  and  quantitatively  in  the  last  six 
lines  of  Table  22.  In  just  what  way  the  body  uses  the  extra  ribo¬ 
flavin  (which  benefits  the  young  while  the  adults  appear,  super¬ 
ficially  at  least,  to  be  indifferent  to  it)  is  not  yet  clear.  It  has  only 
doubtfully  measurable  effects  upon  the  riboflavin  content  of  muscle 
or  of  liver.  The  available  data  do  not  give  us  a  clear  concept  re¬ 
garding  the  excretion  of  riboflavin  into  the  intestine  or  its  absorp¬ 
tion  from  different  parts  of  the  gastrointestinal  tract.  As  inter¬ 
preted  by  Nutrition  Reviews,  Sarett  and  Perlzweig*  studied  the 
effect  of  protein  and  B-vitamin  levels  of  the  diet  upon  the  tissue 
content  and  balance  of  riboflavin  (and  niacin)  in  young  male 
rats  “  .  .  .  Four  diets,  fed  ad  libitum,  were  used:  (1)  high  pro¬ 
tein  (40  per  cent)— high  vitamin;  (2)  high-protein,  low-vitamin; 
(3)  low  protein  (8  per  cent)— high  vitamin;  and  (4)  low-protein, 
low-vitamin  .  .  .  Riboflavin  utilization  (appeared)  to  be  depend¬ 
ent  not  only  on  its  intake  but  also  on  the  protein  level  of  the  dieh 
This  was  confirmed  and  extended  by  the  experiments  of  M.  f>. 

^Beneficial  results  from  dietary  changes  which  increase :  our -  con¬ 
sumption  of  milk,  eggs,  and  meat  are  apt  to  be 
creased  intake  of  “animal”  (or  “first  class  )  protein  whereas 
actually  they  may  be  due  in  greater  degree  to  extra  riboflavin  th 

*  J.  Nutrition  25,  173  (1943). 
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to  extra  protein.  For  the  estimates  of  food  consumption  in  the 
United  States — both  those  obtained  from  studies  of  family  food 
consumption  and  those  which  begin  with  statistics  of  food  produc¬ 
tion  and  follow  them  through  to  “disappearance  in  channels  of 
human  food  consumption  at  the  retail  level” — indicate  that  we 
habitually  consume  a  considerably  larger  surplus  of  protein  than 
of  riboflavin,  relative  to  our  nutritional  needs. 

And  this  tends  to  go  on  indefinitely  because  the  high  animal-pro¬ 
tein  tradition  (or  “prestige”  or  “status  value”)  makes  many  of  us 
unduly  credulous  toward  enthusiasm  for  high  animal  protein.  Also 
worth  keeping  in  mind  is  the  evidence  that  the  body  can  utilize 
protein  to  greater  advantage  when  the  dietary  at  the  same  time 
supplies  liberal  amounts  of  riboflavin,  of  calcium,  or  (best)  of  both 
calcium  and  riboflavin. 


That  the  Recommended  Allowances  of  1948  provide  only  a  very 
moderate  margin  over  actual  need  of  riboflavin  is  illustrated  in  the 
work  of  Braun,  Brumberg,  and  Brezezinski,  cited  by  Burke  and 
Stuart  (1948),  in  which  of  900  pregnant  women  whose  daily 
diets  contained  about  1.3  mg.  of  riboflavin,  21  per  cent  developed 
symptoms  of  riboflavin  deficiency  and  were  cured  by  riboflavin. 

That  it  is  also  logical  to  provide  a  margin  of  riboflavin  to  meet 
stresses  is  illustrated  by  Warkany’s  evidence  that  higher  margins 
o  riboflavin  intake  tend  to  increase  the  proportion  of  normal 
pregnancies;  and  by  King’s  emphasis  (above  noted)  upon  the 

of'rib'oflT'  TCVndependent  research  groups  that  liberal  intake 
cancel  *  t0  PreVem  the  develoPment  of  some  types  of 


findw’thm  aa'li°heM>nnering  and  fElvehjem>  have  emphasized  the 

the  efficiencAf  mir  P;°P°rftlon  °f  rib°flavin  in  the  diet  increases 
e  emciency  of  utilization  of  other  nutrients. 

In  the  April  1944  issue  of  Nutrition  Reviews  is  a  paper  entitled 
Corneal  vascularization  in  vitamin  deficiencies  ”  Iff  '  ’ 

that,  while  riboflavin  deficiency  has  been  3  th  condudes 
Vitamin  deficiency  in  this  count™  the  mo«  common 

review  in  the  lieht  of  fnrih.-  •  ’ ,  judgment  seems  open  to 

method.  Yet  regard!  of  all  °  °f  the  bi°“copic 

riboflavin  foment 


228 


ESSENTIALS  OF  NUTRITION 


Foods  as  Sources  of  Riboflavin 


Plants  form  riboflavin  beginning  early  in  their  lives.  Even  very 
young  plants  contain  more  riboflavin  (in  actual  amount  or  in  per¬ 
centage  of  their  dry  matter)  than  the  seeds  from  which  they 
sprouted. 

Somewhat  as  with  vitamin  C,  though  perhaps  in  a  lesser  degree, 
the  young,  juicy  stage  of  development  at  which  we  most  relish 
succulent  foods  for  their  “freshness”  is  also  that  at  which  they  are 
best  as  sources  of  riboflavin.  In  general,  too,  the  most  actively 
functioning  parts  of  the  plant,  the  green  leaves  and  growing  tips, 
are  relatively  richest  in  riboflavin. 

The  riboflavin  contents  of  a  number  of  typical  foods  are  shown 
in  Table  23,  expressed  on  the  same  basis  as  are  the  corresponding 
thiamine  values  in  Table  21  (preceding  chapter). 

Perhaps  the  most  important  general  differences  in  the  quantita¬ 
tive  distribution  of  these  two  vitamins  are,  that  milk  is  relatively 
richer  in  riboflavin  while  wheat  is  relatively  richer  in  thiamine,  as 
are  probably  most  of  the  seeds. 

The  green  leaf  foods,  represented  in  Table  23  by  kale  and 
spinach,  are  also  richer  sources  of  riboflavin  than  of  thiamine.  Of 
the  riboflavin  content  of  fruits  and  vegetables  generally  we  may 
say  much  the  same  as  of  their  thiamine  content,  namely,  that  if  the 
figures  look  low  it  is  largely  because  of  the  high  water  content  of 
these  foods,  and  that  when  used  as  abundantly  as  they  well  may  be, 
they  become  good  sources. 

Let  us  now  consider  some  individual  foods. 

Beef  and  pork  muscle,  which  will  be  remembered  as  differing  in 
thiamine  content,  are  seen  to  be  very  similar  in  the  amounts  of 
riboflavin  which  they  contain.  Liver  contains,  weight  for  weight, 
about  ten  times  as  much  riboflavin  as  does  muscle;  and  kidnev  is 


nearly  as  rich,  in  riboflavin,  as  is  liver. 

Milk  notwithstanding  its  high  water  content,  contains  only  a 
little  less  riboflavin,  weight  for  weight,  than  do  the  muscle  meats. 
A  quart  of  milk  thus  furnishes  just  about  as  much  riboflavin  as  two 
pounds  of  clear  lean  meat. 

Both  cheese  and  whey  are  good  sources.  This  is  because  an  im- 
portant  part  of  the  riboflavin  of  milk  is  “free”  and  goes  into  the 
whey,  while  another  important  part  is  so  combined  with  protein 
as  to  stay  in  the  curd  in  cheese  making. 
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Eggs  are  distinctly  richer  in  riboflavin  than  are  the  muscle  meats. 
Even  egg  white,  which  contains  only  traces  of  thiamine,  is  a  rela¬ 
tively  rich  source  of  riboflavin,  though  the  yolk  is  still  richer. 

Whole  wheat  contains  only  about  one-fourth  as  much  riboflavin 
as  thiamine.  The  germ  or  embryo  is  richer  in  both  of  these  factors 
than  is  the  entire  grain.  But  as  the  germ  constitutes  only  about  two 
per  cent  of  the  weight  of  the  grain,  a  large  fraction  of  both  thiamine 

Table  23.  Riboflavin  Contents  of  Typical  Foods:  Micrograms  per  700  Grams 

Range  Within  Which  the  Final 
Food  Average  Will  Probably  Be  Found 


Foods  of  Animal  Origin 


Beef  muscle 

150-260 

Pork  muscle 

180-265 

Liver  (of  cattle  and  swine) 

2000-4000 

Milk 

170-240 

Eggs 

250-350 

Egg  white 

150-300 

Egg  yolk 

300-600 

Grain  Products 

Wheat,  entire 

100-220 

Wheat  germ 

Vegetables  and  Fruits 

600-800 

Banana 

45-80 

Broccoli 

200-500 

Cabbage 

Carrots 

50-80 

Kale 

50-90 

Orange  or  juice 

250-400 

28-62 

Spinach 

Tomato 

200-300 

Turnip 

37-50 

50-70 

~ "  -  - 

■dng>  kaleSa»d  sp^nac^^ontainijig'seve^ra^fold1  mT**  °UtStand' 

*  18  ak°  "  «  -  different  types  of  food  compare 
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as  contributors  both  of  riboflavin  and  of  other  nutritional  factors 
in  representative  dietaries. 

Table  24  shows  this  as  illustrated  in  Stiebeling’s  data  for  me¬ 
dium-cost  dietaries  as  reported  in  the  consumption  studies  made 
jointly  by  the  Federal  Departments  of  Agriculture  and  of  Labor. 

Table  24.  Relative  Prominence  of  Certain  Types  of  Food  as  Sources  of  Riboflavin  and 

Other  Nutrient sa 

(In  dietaries  costing  $2.38— $3.00  weekly  per  food-cost  unit ) 


Per  cent  Percentages  Contributed  by  Each  Food  Group 
of  Food  to  the  Total  Secured 

Food  or  Food  Group  Money  - 


Allo¬ 

cated 

Calo¬ 

ries 

Pro¬ 

tein 

Cal¬ 

cium 

Vita¬ 
min  A 

Vita¬ 
min  C 

Ribo¬ 

flavin 

Meats  and  fish 

25.5 

12.9 

36.2 

2.7 

7.1 

0.7 

32.2 

Eggs 

5.0 

1.7 

4.9 

2.7 

6.0 

.... 

5.3 

Milk,  cheese,  ice  cream 

12.1 

9.8 

16.0 

60.7 

13.9 

5.3 

34.2 

Butter,  cream 

7.6 

9.3 

0.4 

1 .4 

16.0 

? 

0.4 

Other  fats 

3.0 

7.8 

0.5 

0.1 

0.8 

•  •  •  • 

1.1 

Breadstuff's,  cereals, 
bakery  products 

17.6 

30.3 

27.3 

12.0 

3.5 

0.6 

5.7 

Sugar,  sweets 

4.2 

12.4 

0.1 

2.1 

.... 

.... 

Potatoes,  sweetpotatoes 

1.5 

5.8 

4.4 

3.4 

2.6 

22.8 

7.2 

Dried  legumes,  nuts 

1 .8 

2.9 

5.3 

3.4 

0.2 

7.8 

0.8 

Tomatoes 

1 .5 

0.3 

0.4 

0.5 

9.5 

0.6 

Citrus  fruits 

3.2 

1.1 

0.5 

3.0 

0.6 

29.6 

3.3 

Green  and  yellow 
vegetables 

3.9 

0.8 

1.4 

3.4 

33.7 

12.8 

8.1 

3.7 

1.2 

Other  vegetables 

3.4 

1  .0 

1.0 

2.8 

1 .3 

Other  fruits 

3.9 

2.8 

0.7 

1  .4 

4.6 

12.3 

3.9 

"  Adapted  from  Stiebeling,  Serial  No.  R409,  Bureau  of  Labor  Statistics,  U.  S 

Dept.  Labor  (1936). 


In  this  series  of  dietaries,  milk  (including  cheese  and  ice  cream) 
was  the  largest  contributor  of  riboflavin,  furnishing  a  little  over 
one  third  of  the  total;  meat  (including  poultry  and  fish)  was 
second;  and  vegetables  stood  third.  The  importance  of  the  vege¬ 
tables  is  not  fully  apparent  at  a  glance  m  1  able  24  because  y 
are  there  subdivided.  Eggs  contributed  as  large  a  proportion 


the  riboflavin  as  of  the  protein. 

In  another  series  of  food  consumption 


studies,  milk  furnished  a 
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little  over  half  of  the  total  riboflavin.  In  a  very  tentative  estimate 
made  at  Columbia  using  data  furnished  by  Williams  (R.R.)  for 
average  food  consumption  of  the  people  of  the  United  States,  milk 
and  cheese  furnished  44  per  cent;  meats,  19  per  cent;  eggs,  6  per 
cent;  fruits  and  vegetables,  16  per  cent;  and  breadstuff's  and 
cereals,  15  per  cent  of  the  estimated  total  of  1.78  mg.  riboflavin 
received  per  person  per  day. 

Table  25.  Approximate  Losses  of  Thiamine,  Riboflavin,  and  Niacin  on  Cooking  Foods. 

Examples  selected  from  the  data  of  Taylor  and  MacLeod:  Rose’s  Laboratory 
Handbook  for  Dietetics,  5th  Ed.  (Macmillan) 


Food 


Percentage  Loss 


Of  Thiamine  Of  Riboflavin  Of  Niacin 


Asparagus,  fresh,  boiled 
Beans,  green  snap,  boiled 
Broccoli,  all  methods 
Cabbage,  all  methods 
Cauliflower,  all  methods 
Eggs,  all  methods 
Kohlrabi,  all  methods 
Meat,  broiling  or  frying 

braising  or  roasting 
stewing*1 

Onions,  all  methods 
Peas,  all  methods 
Potatoes,  all  methods 
Sweetpotatoes,  all  methods 
Turnip  greens,  all  methods 


25 

5 

15 

35 

20 

25 

25 

10 

20 

35 

20 

20 

45 

20 

30 

20 

23 

25 

25 

5 

15 

25 

20 

20 

45 

20 

25 

65 

30 

50 

45 

15 

30 

25 

15 

15 

25 

20 

20 

25 

5 

15 

35 

20 

20 

Niacin  (Nicotinic  Acid)  and  Pellagra 

T  he  word  pellagra  signifies  rough  or  inflamed  skin  This  is  th 
outstanding  symptom  of  a  disease  usually  associated  wi  it 

The  ,  gr  a  deP“d““  uPon  maize  as  a  food 

suffers  To  IK  wdhhthf  k  m  *  t  d!SeaSe  “  °ften  Called’  Mali¬ 
bu,  also  wi°h  mental  or  Which  giveS  rise  to  "am 

inflammation  of  the  ton  "d  t£££' ^  “tit 
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tending  to  severe  disorder  of  the  digestive  tract.  One  sometimes 
hears  reference  to  “the  three  Ds  of  pellagra — depression,  dermatitis, 
and  diarrhoea.”  It  is  also  considered  by  physicians  in  pellagrous 
regions  that  when  either  the  nervous  (mental)  disturbance  or  the 
digestive  disorder  occurs  with  the  characteristic  dermatitis,  the  two 
symptoms  together  justify  a  diagnosis  of  the  disease.  A  characteris¬ 
tic  feature  of  the  dermatitis  of  pellagra  is  that  it  occurs  symmetri¬ 
cally  upon,  for  instance,  the  backs  of  the  hands,  the  ankles,  the  fore¬ 
arms,  or  the  back  of  the  neck.  Often  but  not  always,  the  derma¬ 
titis  is  most  pronounced  on  some  part  of  the  body  which  is  ex¬ 
posed  to  the  sun.  In  its  early  stages  it  may  resemble  sun-burn. 

Not  until  the  first  decade  of  this  century  was  pellagra  reported 
in  the  United  States.  Then  the  reports  of  its  presence  rapidly  grew 
to  an  alarming  frequency,  especially  in  the  South.  Authorities  of 
the  United  States  Public  Health  Service  consider  that  probably 
over  100,000  of  our  people  have  suffered  from  pellagra  in  each 
of  several  years. 

Naturally,  this  disease  has  been  much  studied.  It  was  found  that 
an  analogous  condition,  called  “black-tongue,”  in  dogs  could  be 
induced  experimentally  by  pellagra-producing  diet,  and  cured  by 
such  dietary  improvements  as  were  found  to  cure  clinical  pellagra. 

Late  in  1937,  Elvehjem  found  that  niacin  (nicotinic  acid  or  its 
amide)  cures  black-tongue,  and  immediately  there  followed  a 
rapid  succession  of  reports  of  its  successful  use  in  human  pellagra, 
though  this  does  not  necessarily  mean  the  entire  cure  of  the  pella¬ 
grin,  as  will  be  explained  more  fully  below. 

The  substance  which  thus  unexpectedly  acquired  such  important 
nutritional  interest,  had  long  been  known  to  chemists;  and  one 
who  desires  may  readily  “look  it  up”  in  books  on  organic  chemistry. 
It  was  first  described  as  one  of  the  products  formed  when  nicotine 
is  broken  down  by  laboratory  treatment,  and  in  this  way  came  to 
be  called  nicotinic  acid,  an  accidental  name  which  now  that  the 
substance  must  often  be  referred  to  as  a  factor  in  food  values  be¬ 
comes  both  inappropriate  and  somewhat  absurd.  Hence  the  new 
name  niacin  (niacin  amide)  has  been  coined  by  the  Food  and 
Nutrition  Board  of  the  National  Research  Council  and  adopted  v 
the  United  States  Food  and  Drug  Administration  for  the  designa¬ 
tion  of  this  substance  as  contained  in  food  and  as  functioning  in 
nutrition.  Enriched  flour  and  bread  must  contain  specified  amounts 
of  niacin  as  well  as  of  thiamine,  riboflavin,  and  iron. 
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Recommended  Daily  Allowances  of  Niacin 

At  the  time  that  the  formulation  of  the  “yardstick  of  good  nu¬ 
trition”  was  called  for,  the  importance  of  niacin  (nicotinic  acid) 
was  realized,  but  quantitative  knowledge  (both  as  regards  nutri¬ 
tional  need  and  natural  distribution  in  foods)  was  uncertain,  as  is 
still  the  case  in  some  respects. 

The  National  Research  Council  has  included  in  its  recommended 
allowances  a  column  for  niacin  in  which  all  of  the  figures  are  sim¬ 
ply  ten  times  the  corresponding  figures  for  thiamine.  Obviously 
these  figures  are  to  be  regarded  as  provisional  or  tentative. 


The  Practical  Prevention  of  Pellagra,  and  the 
Broader  Nutritional  Problem  of  Which  This  is  a  Part 

Recent  clinical  evidence  seems  to  leave  no  room  for  doubt  that 
while  niacin  (nicotinic  acid)  cures  the  most  outstanding  symp¬ 
toms  of  pellagra,  the  typical  pellagrin  is  usually  a  sufferer  from 
shortage  not  only  of  niacin  but  also  of  riboflavin. 

Thus  while  riboflavin  cannot  prevent  or  cure  pellagra  without 
niacin,  yet  in  practice  the  riboflavin  content  and  the  niacin  content 
of  the  diet  both  have  a  bearing  upon  the  occurrence  and  persistence 
of  the  disease.  Liver  and  yeast,  being  relatively  rich  in  both,  nat¬ 
urally  have  a  high  place  in  therapeutic  discussions  of  the  disease. 
But  such  permanent  and  widespread  reform  of  the  food  supply  as 
is  needed  will  probably  be  more  effectively  brought  about  in  terms 
of  the  more  staple  or  everyday  foods  of  the  general  population. 

e  typical  diet  of  the  poor  pellagrin  consists  so  largely  of  pork 
a  ,  corn  bread  soda  biscuits  and  syrup,  that  it  cannot  be  made 

niacin' "and ^  addl.tion  of  niacin  alone-  Even  with  liberal 
lacm  and  thiamine  it  would  also  need  fruits,  vegetables  and 

nlk  in  some  form  to  increase  its  content  of  calcium,  vitamins  A 

.  d  C,  and  riboflavin,  and  possibly  also  to  improve  the  character 

flourS  and^read*  carry  only  ^  **■”**« 

d°Inn°;9S3te  th7Tlem  adequate  nutrition  nU‘nentS  “d 

relation  to  the' tLura'LT and  di«ary  practices  in 
families  by  Sandels  and  Gradv  ^  ul™  made  with  Florida 

Os  »«,  Mum.ll.  nl'i  Sit™0*,!?  “S 
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families  successful  in  warding  off  pellagra  used  dietaries  containing 
a  much  higher  proportion  of  milk  than  did  the  families  in  which 
one  or  more  cases  of  pellagra  occurred.  Sandels  and  Grady  further 
found  a  significantly  larger  consumption  of  succulent  vegetables, 
and  indications  of  a  larger  use  of  eggs,  cheese,  and  fruit  in  the 
families  which  escaped  pellagra.  Stiebeling  and  Munsell  reported 
results  of  relief  distribution  of  certain  foods  to  poor  families  in 
pellagra  regions,  with  results  which  “afford  a  practical  demonstra¬ 
tion”  that  the  addition  of  2  to  4  ounces  of  dry  skim  milk,  or  1 
pound  of  evaporated  milk,  or  1|  pints  of  canned  tomatoes,  or  one- 
half  pound  of  cured  lean  pork  per  person  per  day  to  the  food  supply 
“suffices  to  reduce  greatly  the  incidence  of  pellagra  among  families 
which  in  times  of  stress  subsist  on  a  very  monotonous  and  one¬ 
sided  diet  containing  very  little  milk,  lean  meat,  fish,  or  eggs. 

Combining  findings  of  the  U.  S.  Department  of  Agriculture  and 
of  the  U.  S.  Public  Health  Service,  it  appears  that  any  one  of  the 
following  in  the  daily  dietary  is  nearly  always  effecti\e  for  pre\en- 
tion  of  pellagra :  a  quart  of  milk  or  buttermilk ;  a  pint  of  evaporated 
milk ;  one-third  to  one-half  pound  of  dried  skim  milk,  of  lean  meat, 
of  canned  salmon,  of  peanut  meal,  or  of  wheat  germ;  or  one  pound 
of  fresh  or  canned  collards,  kale,  green  peas,  or  turnip  greens;  or 
two  to  three  pounds  of  tomatoes,  fresh,  canned,  or  as  juice. 

Pellagra-prevention  campaigns  in  the  South  have  emphasized 
the  home  production  of  vegetables  and  the  keeping  of  cows  and 
chickens.  An  effective  combination  of  pellagra-prevention  and  nu¬ 
trition  education  was  found  by  the  Red  Cross  in  the  plan  of  lend¬ 
ing  a  cow  to  the  poor  country  family  until  better  health  and  result¬ 
ant  increased  earnings  made  it  possible  for  the  family  to  uy  one. 

Sebrell  writes*:  “The  most  important  foods  to  add  to  the  diet 
in  (or  for  protection  from)  pellagra  are  milk,  liver,  lean  meats 
fish  eggs,  tomatoes,  green  peas,  and  a  variety  of  green  and  leafy 
vegetables,  such  as  kale,  mustard  greens,  turmp  greens,  and 

CO  “It Is' very  simple he  says  in  the  same  connection,  “to  state  the 
remedy  for  endemic  pellagra  in  this  country  Here  we  have  a  rural 
disease7  known  to  be  due  to  nutritional  deficiency,  caused  . 
cultivation  of  a  money  crop  instead  of  food  and Horage  cry.  The 
remedy  is  obvious:  The  rural  South  must  produce 

S"*  slbiell,  W.  H.,  Journal  of  Home  Economics  31,  534  (1939). 
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For  the  large,  low-income,  majority  of  the  rural  people  of  the 
South  this  will  mean  the  home-raising  of  vegetables  and  poultry 
and  the  keeping  of  a  family  cow. 

In  the  Kentucky  mountains  in  adjacent  neighborhoods  both  of 
which  ate  corn  meal  and  in  about  equal  amounts,  one  was  freed 
from  pellagra  by  persistent  teaching  of  the  health  value  of  “the 
right  kinds  of  food”  which  resulted  in  their  planting  gardens  and 
keeping  cows  and  chickens.  (Kooser  and  Blankenhorn,  1941.) 

Extensive  field  studies  of  food  consumption  and  pellagra  inci¬ 
dence  and  intensive  experimentation  upon  human  subjects  in  an 
institution  for  the  insane,  yielded  consistent  findings  on  the  pel¬ 
lagra-preventive  values  of  such  staple  foods  as  meat,  eggs,  and 
milk.  But  results  of  direct  determination  of  niacin  in  foods  of 


different  types  were  sometimes  in  good  accord  with  their  previously 
established  pellagra-preventive  values,  and  sometimes  not. 

Thus  analytical  determinations  of  niacin  in  meat  were  as  would 
be  expected  from  the  feeding  investigations,  while  with  milk  the 


analytical  data  for  niacin  were  much  lower  than  would  correspond. 
Somewhat  embarrassingly  it  was  pointed  out  that  if  children 
needed  as  much  niacin  as  the  Recommended  Allowances  imply, 
and  if  milk  contained  as  little  niacin  as  analysis  seemed  to  show, 
then  pellagra  would  “have  to  be”  much  more  prevalent  among 
children,  largely  milk-fed,  than  it  actually  is.jfhe  solution  of  this 
dilemma  appears  to  lie  chiefly  in  the  fact  that  milk  is  favorable 
to  the  multiplication  and  activity  of  niacin-forming  bacteria  in  the 
human  digestive  tract.  By  virtue  of  this  bacterial  action,  the  pres¬ 
ence  of  a  liberal  amount  of  milk  in  the  diet,  either  of  a  child  or 
an  adult,  results  in  such  person  absorbing  from  the  digestive  tract 
more  niacin  than  was  contained  in  the  food  swallowed'!  Thus  some 
oods,  including  milk,  have  niacin  values  materially  higher  than 
eir  macm  contents,  while  other  foods  do  not.  Briggs,  Singal  and 

5 ydens^ncker  f°und  that  restriction  of  nicotinic  acid  (niacin)  did 
not  induce  pellagra  symptoms  in  either  of  two  men  who  had 
previously  been  pellagrins,  so  suggested  that  intestinal  biosynthesis 
of  niacin  may  have  been  sufficient  to  meet  their  needs 

Journal  of  Nutrition,  29,  338.  ggCSiea 
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readings  in  which  such  data  on  the  niacin  contents  of  foods  may 
be  found  if  desired.  And  figures  for  niacin  reproduced  from 
Government  tables,  to  which  the  above  caution  applies,  are  in¬ 
cluded  in  the  Appendix  of  this  book. 


What  Other  B-Vitamins  Are  Likely  to  Be  Limiting 
Factors  in  Human  Health? 

In  our  opinion  it  is  too  early  to  attempt  an  explicit  answer  to 
this  question;  and  too  late  to  ignore  it.  The  next  chapter  aims  to 
supply  starting  points  for  those  desiring  to  study  the  question. 


EXERCISES 

1 .  Arrange  your  “twelve  to  forty  foods”  in  the  order  of  their  ribo¬ 
flavin  content,  (a)  per  100  grams  of  edible  portion,  and  (b)  per  100 
Calories. 

2.  On  the  above  showing,  which  of  these  foods  would  you  consider 
of  most  practical  importance  as  sources  of  riboflavin? 

3.  Which  of  these  foods  are  important  sources:  (a)  of  riboflavin 
and  calcium;  (b)  of  riboflavin  and  vitamin  C;  (c)  of  riboflavin  and 
vitamin  A? 

4.  Taking  account  of  the  quantities  in  which  they  enter  into  well- 
balanced  dietaries,  ( 1 )  what  familiar  foods  rival  milk  in  importance 
as  sources  of  protein,  calcium,  and  riboflavin?  (2)  And  which  foods 
rival  oranges  in  importance  as  sources  ol  vitamin  C  and  riboflavin? 

5  Explain  to  what  extent  you  have,  in  answering  the  preceding 
question,  taken  account  of  the  potential  as  well  as  the  present  place  of 
oranges  in  the  food  supply.  What  can  you  tell  of  the  trend  of  citrus 

fruit  production  and  prices? 

6  Consult  the  most  recent  and  authoritative  medical  publications 
available,  as  to  whether  the  word  pellagra  now  stands  (1 )  for  niacin 
deficiency  simply,  with  any  accompanying  riboflavin  deficiency  re- 
garded  merely  as  an  accidental  complication,  or  (2)  for  the ‘‘complex 
clinical  picture”  for  which  it  has  hitherto  stood,  in  which,  while  mac 
controls  the  more  outstanding  symptoms,  riboflavin  is  also  a  fat  01 
the  prevention  and  cure  of  the  disease. 


SUGGESTED  READINGS 


Bessey,  O.  A.,  and  O.  H.  Lowry 
riboflavin  content  of  the  cornea. 
Bessey,  O.  A.,  and  S.  B.  Wolbach 


1944  Factors  influencing  the 
J.  Biol.  Chem.  155,  635-643. 

1939  Vascularization  of  the 


RIBOFLAVIN,  NIACIN,  PELLAGRA 


237 


cornea  of  the  rat  in  riboflavin  deficiency,  with  a  note  on  corneal 
vascularization  in  vitamin  A  deficiency.  J.  Exptl.  Med.  69,  1—12; 
Expt.  Sta.  Rec.  81,  311. 

Burke,  B.  S.,  and  H.  C.  Stuart  1948  Nutritional  requirements 
during  pregnancy  and  lactation.  J.  Am.  A fed.  Assoc.  137,  1 19-128. 

Cheldelin,  V.  H.,  and  R.  R.  Williams  1943  Studies  of  the 
average  American  diet.  II.  Riboflavin,  nicotinic  acid,  and  panto¬ 
thenic  acid  content.  J.  Nutrition  26,  417-430. 

Copping,  A.  M.  1945  Some  aspects  of  riboflavin  nutrition  in 
man.  Nutr.  Abs.  Rev.  14,  433-440. 

Davis,  M.  V.,  H.  G.  Oldham,  and  L.  J.  Roberts  1946  Ribo¬ 
flavin  excretions  of  young  women  on  diets  containing  varying 
levels  of  the  B  vitamins.  J.  Nutrition  32,  143-161. 

Day,  P.  L.,  W.  J.  Darby,  and  K.  W.  Cosgrove  1938  The  arrest 
of  nutritional  cataracts  by  the  use  of  riboflavin.  J.  Nutrition  15, 
83-90. 


Donelson,  E.,  and  I.  G.  Macy  1932  Human  milk  studies.  XI. 

Vitamin  G  in  human  milk.  Am.  J.  Physiol.  100,  420-425. 

Ebbs,  J.  H.,  F.  F.  Tisdall,  and  W.  A.  Scott  1941  Influence  of 
prenatal  diet  on  the  mother  and  child.  /.  Nutrition  22,  515-526. 
Ellis,  L.  N.,  A.  Zmachinsky,  and  H.  C.  Sherman  1943  Ex¬ 
periments  upon  the  significance  of  liberal  levels  of  intake  of  ribo¬ 
flavin.  /.  Nutrition  25,  153-160. 

Feder,  V.  H.,  G.  T.  Lewis,  and  H.  S.  Alden  1944  Studies  on 
the  urinary  excretion  of  riboflavin.  /.  Nutrition  27,  347-353 
Guerrant,  N.  B.,  and  O.  B.  Fardig  1947  The  thiamine  and  ribo¬ 
flavin  content  of  whole  wheat,  nonenriched  and  enriched  flours 
and  ol  breads  made  therefrom.  /.  Nutrition  34,  523-542 
Gyorgy,  P,  F.  S.  Robscheit-Robbins,  and  G.  H.  Whipple  1938 

pr°duction  in  the  anemic  dog 

HA“’  D,945  *  £*"*“>  O-  A:  Gbrmek,  and  E.  L.  Sevr.no- 
male.  /.  Nutrition  by  ^  adult 

rD“  «**  vittminTneh^r&sut 

tent  of  vegetables  during  •  Chan^es  in  riboflavin  con- 

nology  4,  258  263  Pn°r  ^  F°°d  Tech~ 

Kruse,  H.  D„  V.  P.  Svdenstr.cker,  W.  H.  Sebrell,  and  H.  M. 


238 


ESSENTIALS  OF  NUTRITION 


Cleckley  1940  Ocular  manifestations  of  ariboflavinosis. 
Public  Health  Repts.  55,  157-169. 

Lanford,  C.  S.,  B.  Finkelstein,  and  H.  C.  Sherman  1941 
Riboflavin  contents  of  some  typical  fruits.  J.  Nutrition  21,  175- 
177. 


MacLeod,  G.,  and  C.  M.  Taylor  1944  Rose’s  Foundations  of 
Nutrition,  4th  Ed.  (Macmillan.) 

Mannering,  G.  J.,  and  C.  A.  Elvehjem  1944  Food  utilization 
and  appetite  in  riboflavin  deficiency.  ].  Nutrition  28,  157-163. 
Noble,  I.,  and  J.  Gordon  1949  Thiamine  and  riboflavin  reten¬ 
tion  in  bacon.  J.  Am.  Dietet.  Assoc.  25,  130-133. 

Review  1947  Interaction  of  niacin  and  tryptophane  in  the  diet. 
Nutrition  Rev.  5,  110-111. 

Review.  1947 b  Increasing  the  riboflavin  content  of  hens’  eggs. 
Nutrition  Rev.  5,  181-183. 

Review  1949  Metabolism  of  radioactive  niacin  and  niacin-amide. 
Nutrition  Rev.  7,  166-167. 

Roderuck,  C.  E.,  M.  N.  Coryell,  H.  H.  Williams,  and  I.  G.  Macy 
1945  Free  and  total  riboflavin  contents  of  colostrum  and  ma¬ 
ture  human  milk.  Am.  J.  Diseases  Children  70,  171-175. 

Sandels,  M.  R.,  and  E.  Grady  1932  Dietary  practices  in  rela¬ 
tion  to  the  incidence  of  pellagra.  Arch.  Internal  Med.  50,  362- 


372. 

Sarett,  H.  P.,  and  G.  A.  Goldsmith  1949  Tryptophan  and 
nicotinic  acid  studies  in  man.  J.  Biol.  Chem.  177,  461-475. 
Sebrell,  W.  H.  1939  Public  health  implications  of  recent  re¬ 
search  in  pellagra  and  ariboflavinosis.  J.  Home  Econ.  31,  530—536. 
Sebrell,  W.  H.,  and  R.  E.  Butler  1938  Riboflavin  deficiency  in 
man.  Public  Health  Repts.  53,  2282—2284. 

Sebrell,  W.  H.,  Jr.,  R.  E.  Butler,  J.  G.  Wooley,  and  I.  Isbell 
1941  Fluman  riboflavin  requirement  estimated  by  urinary  ex¬ 
cretion  of  subjects  on  controlled  intake.  Public  Health  Repts.  56, 
510-519;  Nutr.  Abs.  Rev.  11,  128. 

Singal,  S.  A.,  V.  P.  Sydenstricker,  and  J.  M.  Littlejohn  .  194« 

The  role  of  tryptophane  in  the  nutrition  of  dogs  on  nicotinic  acid- 
deficient  diets.  J.  Biol.  Chem.  176,  1051-1062. 

Snyderman,  S.  E,  K.  C.  Ketron,  H.  B.  Burch,  O.  H  Lowry  O 
A.  Bessey,  L.  P.  Guy,  and  L.  E.  Holt,  Jr. 
minimum  riboflavin  requirement  of  the  infant.  /.  Nutrition  X, 

219—232.  r> 

Spector  H.  A.  R.  Maass,  L.  Michaud,  C.  A.  Elvehjem,  and  E. 

B  Hart  1943  Role  of  riboflavin  in  blood  regeneration.  /• 

Biol.  Chem.  150,  75-87.  T 

Stamberg,  O.  E.,  C.  F.  Petersen,  and  C.  E.  Lampman 


Ef- 


RIBOFLAVIN,  NIACIN,  PELLAGRA 


239 


feet  of  riboflavin  intake  on  the  content  of  egg  whites  and  yolks. 
Ratio  of  riboflavin  in  yolks  and  whites  of  eggs.  Poultry  Sci.  25, 
320-326;  Nutr.  Abs.  Rev.  16,  586. 

Stiebeling,  H.  K.,  and  H.  E.  Munsell  1932  Food  supply  and 
pellagra  incidence  in  73  South  Carolina  families.  U.  S.  Dept. 
Agriculture,  Tech.  Bull.  No.  333. 

Street,  H.  R.,  G.  R.  Cowgill,  and  H.  M.  Zimmerman  1941 
Further  observations  of  riboflavin  deficiency  in  the  dog.  /.  Nutri¬ 
tion  22,  7-24. 

Strong,  F.  M.,  R.  E.  Feeney,  B.  Moore,  and  H.  T.  Parsons  1941 
The  riboflavin  content  of  blood  and  urine.  J.  Biol.  Chem.  137, 
363-372. 

Sure,  B.  1941  Riboflavin  as  a  factor  in  economy  of  food  utiliza¬ 
tion.  J.  Nutrition  22,  295-301. 

Sydenstricker,  V.  P.  1941  The  clinical  manifestations  of  nico¬ 
tinic  acid  and  riboflavin  deficiency  (pellagra) .  Ann.  hiternal  Med 
14,  1499-1517. 

Sydenstricker,  V.  P.,  L.  E.  Geeslin,  C.  M.  Templeton,  and  J.  W. 
Weaver  1939  Riboflavin  deficiency  in  human  subjects.  /. 
Am.  Med.  Assoc.  113,  1697-1700. 

Sydenstricker,  V.  P.,  W.  H.  Sebrell,  H.  M.  Cleckley,  and  H.  D. 
Kruse  1940  The  ocular  manifestations  of  ariboflavinosis 
/.  Am.  Med.  Assoc.  114,  2437-2445. 

Teply,  L.  J.,  W.  A.  Krehl,  and  C.  A.  Elvehjem  1945  Studies 
on  the  nicotinic  acid  content  of  coffee.  Arch.  Biochem  6  139- 
149;  Nutr.  Abs.  Rev.  15,  80. 

VAN  1Q4UfiYNE’pff  °  ’(J'  T-  ChASE’  R'  F-  °wen’  and  J-  R  Fanska 
uu  LfieCt  °f  certain  home  practices  on  riboflavin  content  of 
cabbage,  peas,  snap  beans,  and  spinach.  Food  Research  13,  162- 


Warkany  J.,  and  E  Schraffenbercer  1944  Congenital  mal- 
ormations  induced  in  rats  by  maternal  nutritional  deficiency  VI 
1  he  preventive  factor.  ].  Nutrition  27,  477-484. 

Whitney,  D.  E.,  H.  Herren,  and  B.  D.  Westerman  1945  The 
thiamine  and  riboflavin  content  of  the  grain  and  flour  of  certain 
varieties  of  Kansas-grown  wheat.  Cereal  Chem.  22,  90-95 
Ygdkin  J.  1946  Riboflavin  deficiency  in  West  Africa  f  T  , 
Med.  Hyg.  49,  83-87;  Chem.  Abs.  41,  2778.  1  P ’ 


XIV 


OTHER  WATER-SOLUBLE 
VITAMINS 


Vitamin  B6  (Pyridoxine  and  related  substances) 


Fairly  early  in  studies  on  the  differentiation  of  the  “B-complexv 
vitamins,  a  very  striking  (“acrodynia-like”)  dermatitis  was  pro¬ 
duced  experimentally  in  rats,  and  the  active  ingredient  of  prepara¬ 
tions  which  cured  or  prevented  the  condition  was  designated  as 
“vitamin  Bg.”  In  1939,  a  substance  which  was  called  pyridoxine* 
was  shown  to  have  the  properties  of  vitamin  B.?,  and  for  a  time  the 
two  terms  were  used  synonymously.  More  recently,  it  has  been 
found  that  two  other  distinct,  though  chemically  related  substances, 
designated,  respectively,  as  pyridoxamine  and  pyridoxal,  which 
occur  naturally  with  pyridoxine,  have  vitamin  Bg  activity  and  may 
even  predominate  over  pyridoxine  in  animal  nutrition.  Hence, 
there  is  now  a  tendency  to  prefer  the  term  “vitamin  Bg”  where  the 
whole  group  of  active  substances  is  meant,  and  to  reserve  pyri¬ 
doxine  as  the  designation  for  one  specific  chemical  substance. 

Vitamin  Bg  in  combination  with  phosphorus  occurs  in  several 
important  body  enzyme  systems  involved  in  the  metabolism  of  pro¬ 
teins  and  amino  acids.  In  another  aspect  of  its  functioning,  vita¬ 
min  Bg  appears  to  be  somewhat  interrelated  with  the  nutritionally 
essential  fatty  acid  factor,  deficiency  of  which  likewise  provokes 
the  “acrodynia-like”  dermatitis  in  rats.  In  some  way,  and  to  an 
extent  not  yet  well  defined,  provision  of  either  one  of  these  factors 
(vitamin  Bg  or  essential  fatty  acid)  partially  alleviates  the  effects 
on  the  skin  of  shortage  of  the  other.  Still  another  effect  of  the  lack 
of  vitamin  B,;  is  a  severe  anemia  of  microcytic,  hypochromic  type. 

*  The  structural  formulae  for  pyridoxine,  pantothenic  acid  and  chohne  may 
be  found  in  Chapter  XXI  of  Sherman’s  Chemistry  of  Food  and  Nutrition. 
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The  nature  of  vitamin  B,;  deficiency  in  man,  and  whether  it  is 
apt  to  be  encountered  in  practical  nutrition,  are  still  unanswered 
questions. 


Vitamin  B 


12 


In  1948,  investigators  in  this  country  and  in  England  isolated 
pink  cobalt-containing  crystals  from  liver,  which  were  introduced 
as  vitamin  Bi2.  Within  a  short  time  this  substance  was  shown  to 
be  identical  with  a  number  of  differently  named  factors  whose  exist¬ 
ence  had  been  recognized  in  diverse  studies.  Thus,  as  already  noted 
in  Chapter  IX,  vitamin  Bi2  was  established  as  an  anti-pernicious 
anemia  factor.  It  proved  also  to  be  identical  with  nutrient  X,  dis¬ 
covered  by  workers  in  the  Bureau  of  Animal  Industry'  of  the  U.  S. 
Department  of  Agriculture  to  be  required  for  normal  development 
in  laboratory7  rats,  and  to  be  found  in  the  non-fat  portion  of  milk, 
in  cheese,  commercial  casein,  leafy  foods  and  feeds,  and  in  liver 
extracts,  but  not  in  the  cereal  grains  or  in  the  oil  meals  used  for 
animal  feed.  Similarly,  the  chick-growth-promoting  property  pos¬ 
sessed  by  various  animal  protein  sources  but  lacking  in  vegetable 
protein  sources,  and  ascribed  to  an  “animal  protein  factor  ”  appears 
to  be  due  in  part  at  least  to  vitamin  Bi2.  It  should  not,  however, 
be  inferred  from  the  latter  term  that  vitamin  Bi2  is  provided  ex¬ 
clusively  by  foods  of  animal  origin;  for  Hartman,  Dryden,  and 
Cary  (1949)  include  lettuce,  rice  polishings  concentrate,  alfalfa, 
timothy  and  Kentucky  blue  grass  along  with  milk,  skim  milk, 
cheese,  liver  extracts,  beef  and  pork  muscle,  and  egg  yolk  as  sources 
o  nutrient  X  or  vitamin  B12  activity  for  the  normal  mammal. 

heir  parallel  listing  of  foods  which  do  not  show  Br>  activity  in¬ 
cludes:  white,  enriched  and  whole  wheat  flour,  yeast,  cornmeal 
soybean  meal,  carrots,  tomatoes,  egg  white,  and  butterfat. 

Vitamin  Bw  is  clearly  required  for  normal  nutrition  in  many 
species,  including  man.  However,  perhaps  partly  because  intestinal 
lcroorgamsms  appear  to  synthesize  appreciable  amounts  of  it 
perhaps  partly  also  because  the  young  of  well  nourished  mothers 

quickTvqand  Tl  T  ^  ^  the  reC*uirement  becomes  more 
quickly  and  strikingly  apparent  if  the  synthetic  activities  of  the 

mtestinal  bacteria  are  checked,  as  by  the  use  of  certain  “sulfa” 

f^mpksl^uch^011!  T T  S°  t0  SPCak’  ^  imP°Sed  °n  the  body- 

examples  of  such  metabolic  strains”  were  the  feeding  of  diets  of 
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very  high  protein  content  by  the  Department  of  Agriculture  in¬ 
vestigators;  and  the  experimental  production  of  so-called  “thyroid 
toxicity”  by  feeding  thyroid  or  iodinated  casein  (containing  thy¬ 
roxine).  The  detrimental  effects  on  growth  of  both  of  these  types 
of  treatment  are  counteracted  by  liberal  dietary  vitamin  B12. 
Whether  comparable  circumstances  in  man  exaggerate  the  need 
for  dietary  vitamin  Bi2  to  the  point  where  it  becomes  a  factor  in 
practical  nutrition — aside  from  the  anemias  already  noted — we  do 
not  as  yet  (1950)  know.  It  is,  however,  of  interest  to  point  out 
that  the  case  of  vitamin  B)2  provides  still  another  illustration  of 
how  supplementation  with  milk  products  greatly  enhances  the 
nutritive  value  of  a  diet  consisting  largely  of  grain  and  cereal  prod¬ 
ucts.  It  also  exemplifies  again  how  the  well-being  of  the  body  may 
be  conditioned  in  a  positive  way  by  the  intestinal  bacteria  which 
it  harbors. 

Vitamin  Bu 

A  newly  discovered  substance,  extraordinarily  active  in  stimu¬ 
lating  red  blood  cell  formation,  and  differing  from  vitamin  B  12  in 
not  containing  cobalt,  has  been  reported  under  the  name  vitamin 
B14  by  Norris  and  Majnarich  (1949).  They  suggest  such  complex 
relationships  for  this  as  may  require  some  years  of  research  for 
complete  clarification. 


Vitamin  M,  Folic  Acid,  Pteroylglutamate  (  PGA) 

Day,  Langston  and  coworkers  found  that  monkeys  require,  for 
the  maintenance  of  a  normal  condition  of  their  blood,  something 
that  is  contained  in  yeast  and  had  not  been  chemically  identified. 
In  recognition  of  the  part  played  by  the  monkey  in  assisting  this 
discovery  they  called  the  substance  vitamin  M.  Through  much 
research  by  workers  in  different  laboratories  employing  different 
organisms  it  finally  appeared  that  what  met  the  need  of  the  mom 
key  (vitamin  M),  of  the  chick  (vitamin  B„),  found  in  leaves  fol 
acid)  and  also  a  nutrient  factor  named  for  a  species  of  bacteria 
were  all  the  same  thing— a  substance  whose  chemical  nature 

best  indicated  by  the  name  pteroylglutamate.  . 

Though  much  remains  to  be  learned  about  the  ic  a  i\  P 
tance  of  foods  as  sources  of  this  factor,  it  appears  that  the  out¬ 
standingly  rich  sources  are  fresh,  deep-green  leafy  vegetables  and 
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liver;  while  muscle  meats,  milk  and  grain  products,  and  vegetables 
with  less  intense  green  color  are  relatively  much  poorer  in  folic  acid. 

Folic  acid  is  another  of  those  factors  which  appear  normally  to 
he  synthesized  to  a  considerable  extent  by  intestinal  microorgan¬ 
isms.  But,  as  commented  in  the  discussion  accompanying  the  Na¬ 
tional  Research  Council  Recommendations,  “the  incidence  of 
clinical  deficiencies,  however,  affords  evidence  that  intestinal  syn¬ 
thesis  should  not  be  relied  upon  as  a  source  of  this  nutrient.” 


Pantothenic  Acid 


In  1933  this  name  was  given  by  R.  J.  Williams  to  a  substance 
he  had  discovered  to  be  (as  the  name  was  coined  to  convey)  of 
extraordinarily  wide  distribution  among  organisms.  It  was  later 
shown  to  be  the  active  factor  which  had  been  sought  in  research 
on  “bios”  of  yeast,  “antidermatitis”  (filtrate)  factor  for  chicks,  a 
liver  filtrate  factor  for  rats,  and  a  growth  factor  for  lactic  acid 


bacteria. 


As  has  been  found  for  several  other  vitamins,  pantothenic  acid 
is  an  essential  component  of  an  enzyme  system,  in  this  case,  of  a 
system  controlling  acetylation*  processes  in  the  body. 

Probably  because  of  the  very  wide  natural  occurrence  of  panto¬ 
thenic  acid,  no  clearcut  instances  of  pantothenic  acid  deficiency 
m  man  have  yet  (1950)  been  recognized. 


Biotin 


A  sulfur-containing  compound  called  biotin 
1941  as  still  another  member  of  the  “B-vitami 


and  the  detoxification  of  certain 


244 


ESSENTIALS  OF  NUTRITION 


biotin  deficiency  was  produced  instead  by  feeding  sulfa  drugs 
which  prevented  intestinal  synthesis  of  biotin.  How  apt  this  factor 
is  to  be  of.  practical  importance  in  human  nutrition  cannot  yet  be 
stated. 


Choline  (“Labile-Methyl  Factor”) 


Choline  (chemically,  a  methylated  nitrogenous  base)  has  long 
been  known  as  a  component  of  the  phospholipids,  lecithin  and 
sphingomyelin,  which  are  essential  structural  elements  of  the  body 
and  also  importantly  concerned  in  the  metabolism  of  fats.  Another 
compound,  acetyl  choline,  is  responsible  for  the  conduction  of 
impulses  along  the  vagus  nerve.  Choline  is  thus  of  unquestionable 
significance  in  the  body’s  functioning,  yet  only  for  about  a  decade 
has  it  been  investigated  by  nutritionists  as  a  possible  limiting  fac¬ 
tor  in  certain  diets.  This  is  partially  because  choline  differs  from 


our  usual  concept  of  a  vitamin  in  that  the  body  appears  able  to 
form  it  if  given  extra-liberal  amounts  of  such  other  normal  dietary 
constituents  as  the  amino  acid  methionine,  from  which  may  be 
transferred  the  methyl  groupings  required  to  build  choline. 

The  process  of  transfer  of  a  methyl  grouping  from  one  compound 
to  another  is  known  as  transmethylation,  and  a  methyl  grouping 
which  can  be  so  transferred  is  known  as  a  “labile  methyl.”  The 
principal  forms  of  “labile  methyl  in  a  normal  diet  appear  to  be 
choline,  methionine,  and  betaine;  choline  generally  being  the  most 
important.  The  body  uses  labile  methyl  from  whatever  source 
interchangeably  in  such  ways  as  the  formation  of  creatine  and  the 
methylation  of  nicotinic  acid  prior  to  elimination  by  the  kidneys. 
But,  in  addition,  the  body  has  a  separate,  specific  need  for  choline 
as  an  intact  chemical  entity.  Whether  methionine,  for  instance,  can 
fully  replace  choline  in  the  diet  depends  upon  whether  there  is 
available  from  the  body’s  store  of  metabolic  building  blocks  the 
residue  which  can  accept  “labile  methyl”  and  become  choline.  In 
some  (but  possibly  not  all)  species  of  experimental  animals  and 
apparently  in  man*  this  substance  is  available.  On  the  other  hand, 
the  compound  (homocysteine)  which,  with  labile  met  y  ,  >1 
methionine  is  not  normally  available  from  other  sources,  hence 
choline  cannot  fully  replace  dietary  methionine,  though  it  ca 
effectively  "pare”  it  by  assuming  the  “labile  methyl”  aspects  of 

its  functioning. 

*  See  Simmonds  and  du  Vigneaud,  J.  Biol.  Chem.  146,  685  (1942). 
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When  insufficient  choline  is  available  (either  as  such  in  the  diet 
or  from  other  labile  methyl  compounds),  growth  of  experimental 
animals  is  retarded  and  tissue  damage  may  occur,  including  hemor¬ 
rhagic  changes  in  the  kidney  and  abnormal  accumulation  of  fat  in 
the  liver  (“fatty  liver”) .  Since  this  latter  state  sometimes  progresses 
experimentally  to  cirrhosis,  clinicians  have  naturally  wondered 
whether  the  grave  condition  of  liver  cirrhosis  in  man  may  have  its 
origin  in  a  dietary  deficiency  and  may  be  amenable  to  treatment 
with  choline.  No  clearcut  answer  is  yet  possible. 


Vitamin  P  (Rutin,  Citrin) 

It  has  been  thought  by  some  investigators  that  the  effect  of  citrus 
fruit  consumption  upon  the  permability  of  the  blood  vessels  in¬ 
volved  more  than  could  be  explained  in  terms  of  vitamin  C  alone; 
so  the  presence  of  an  additional  “permeability  factor,”  vitamin  P* 
was  postulated.  Several  naturally  occurring  substances  are  claimed 
to  show  this  property,  but  although  successful  clinical  use  of  such 
preparations  has  been  reported  by  several  workers,  there  is  yet 
(1950)  no  clear  consensus  of  opinion  as  to  whether  vitamin  P 
should  be  regarded  as  a  factor  in  normal  nutrition. 
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VITAMIN  A  AND  ITS 
PRECURSORS 


General  Relationships 


1  itamin  A  itself  is  a  colorless,  fat-soluble  substance  found  notably 
in  milk,  egg,  and  liver  fats,  and  known  to  be  essential  both  to  the 
growth  process  and  to  the  maintenance  of  normal  conditions  in  the 
body  at  all  ages.  It  has  not  been  found  in  plants;  but  among  the 
natural  orange-yellow  coloring  matters  of  green  and  yellow  vege- 
table  tissues  there  are  precursors  of  vitamin  A,  i.e.,  substances  which 
give  rise  to  vitamin  A  in  the  animal  body.  These  are  named  alpha-, 
beta-,  and  gamma-carotene,  and  cryptoxanthin. 

Structural  formulas  for  vitamin  A  and  for  these  four  precursors 
may  be  found,  if  desired,  on  pages  416  and  417  of  the  Seventh 
Edition  of  Shermans  Chemistry  of  Food  and  Nutrition;  but  for 
our  present  purpose  it  will  suffice  to  remember  simply  the  existence 

Drecursmsamin  7  lts  ,Precarsors  as  a  g™P-  For  convenience  the 
Lw  t0  aS  “,he  Carotenes’”  even  simply 

vitamin'  lhere/rr  T*"*  °f  makinS  “  vUn  determinations  of 
vitamin  A  and  of  “carotene”  which  serve  certain  ^  , 

most  general  basis  of  comparison  between  foods  '  all  Zr’  t 

ol  ditlrir ZZd 

determined  by  feeding  experiments’  fn'thTthe  bodToflh ^7 

7Z :l:“.the  Pre“  int0  **  vitaminei„b0tdhyefa:heer: 

mi"  urin  A  occurs  in  tw° <*- 

water,  and  the  other  of  fresh-waterfeh"  bu"  7  °‘'S  °f  ^ 

^ier  nsn,  but  they  seem  to  be  very 
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closely  related  and  of  essentially  the  same  nutritional  character 
and  potency,  so  we  treat  the  two  as  one  in  everyday  discussions  of 
food  and  nutrition. 


Vitamin  A  in  Growth  and  Development 

A  good  general  first  impression  of  the  significance  of  the  level 
of  intake  of  vitamin  A  to  growth  and  development  is  afforded  by 
the  quantitatively  parallel  photographs  of  twin  brothers  shown  in 
Fig.  29.  At  four  weeks  of  age,  which  we  take  as  representing  the 


Fie  29.  Photographs  of  twin  brothers,  showing  effects  of  different  amounts 
of  vitamin  A  in  the  food.  (See  text.)  (Courtesy  of  The  Forsyth  foundation.) 


end  of  infancy  in  the  rat,  they  were  of  the  same  size  ^nd  indistin¬ 
guishable  in  their  appearance,  both  being  smooth-coated  bright- 
eyed,  alert,  and  of  normal  development  for  their  age.  From  ha 
time  they  were  fed  the  same  diet  except  that  one  received  butter 
and  the  other  did  not,  though  the  latter  had  always  as  much  as  he 
wished  to  eat  of  a  mixture  of  vitamin  A  deficient  foods  whic  vver 
,11  perfectly  good  of  their  kinds.  At  the  time  these  rats  were  phot 
iraphed  they  had  reached  an  age  corresponding  to  ab°'‘>  sc' 
years  hi  a  boy.  The  one  which  had  plenty  of  vitamin  A  had  con¬ 
tinued  to  make  a  normal  growth  and  development,  while  ^ 

whose  food  had  been  otherwise  adequate  but  very  pool 
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A  is  stunted  in  growth  and  muscular  development,  is  dim-eyed, 
and  sadly  lacking  in  alertness.  Here  the  shortage  of  vitamin  A 
had  been  so  severe  as  to  show  its  effects  upon  health  as  well  as 
growth. 

In  quantitatively  controlled  experiments  with  graded  allowances 
of  vitamin  A*  in  an  otherwise  good  diet,  as  in  the  experiments 
of  Batchelder,  the  average  growth  data  of  which  are  summarized 
in  Fig.  30,  it  may  be  clearly  shown  that  even  when  there  is  no  such 
severe  shortage  as  to  have  any  immediately  visible  effect  upon 
health,  the  growth  may  still  be  limited  by  the  level  of  vitamin  A 


Fig.  30.  Batchelder’s  average  growth  data 
from  graded  allowances  of  vitamin  A. 


value  of  the  dietary.  In  these  experiments  of  Batchelder  for  ex 
ample  the  rats  receiving  the  8x  and  16x  levels  of  vitamin  ^  ner 

ones  receiving  dte^  more  iSaHow"  h6alth  th°U§h  the 

better  growth  allowance  of  vitamin  A  were  making 

calt  andThetby'aretuv.  T*"  eXPeri““>  ex¬ 

tremely  important  relations  of fh  ^  expenmentati°n,  shows  ex- 
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bidge  to  introduce  his  general  summary,  and  by  Booher  and 
Callison  in  their  chapter  on  vitamin  A,  in  the  articles  cited  among 
Suggested  Readings  at  the  end  of  the  chapter. 

The  sequence  of  the  present  text  is  first  to  describe  the  demon¬ 
stration  and  measurement  of  vitamin  A  values  as  in  controlled 
experiments  with  laboratory  animals,  then  to  summarize  the  effects 
of  different  levels  of  nutritional  intake  of  this  factor  upon  different 
organs  of  the  body  and  upon  the  body  and  the  life  history  as  a 
whole,  including  positive  health  and  longevity;  and  finally  to  con¬ 
sider  the  quantitative  aspect  of  the  values  of  different  articles  and 
types  of  food  as  sources. 


Demonstration  and  Measurement  of  Vitamin  A  Values 

A  litter  of  rats  from  three  to  four  weeks  old,  and  as  uniform  as 
possible  in  size  and  apparent  health  and  vigor,  affords  a  good 
starting  point  for  the  demonstration  of  the  influence  of  differences 
in  vitamin  A  intake,  and  of  the  principle  of  the  feeding  method  for 
the  measurement  of  vitamin  A  values. 

When  such  rats  are  fed  a  diet  well  adapted  to  their  needs  in  all 
other  respects  but  devoid  of  vitamin  A  value,  growth  continues  for 
a  longer  or  shorter  time  according  to  the  body-store  of  vitamin  A 
possessed  by  the  animal  at  the  beginning  of  the  experiment,  which 
in  turn  depends  chiefly  upon  the  vitamin  A  value  of  the  previous 
dietary  of  the  rat,  and  of  its  mother.  For  the  purpose  of  the  present 
experiment  it  is  expedient  not  to  use  animals  from  a  family  whose 
food  supply  is  liberally  fortified  with  vitamin  A;  for  in  such  case 
their  bodily  stores  may  last  them  so  long  as  to  inconvenience  the 
experimenter  by  the  length  of  time  before  the  appearance  of  the 
effect  of  the  experimental  diet.  The  time  thus  required  to  use  up 
the  surplus  previously  stored  in  the  body  is  called  the  depletion 

When  the  body  is  sufficiently  depleted  of  its  surplus  vitamin  A, 
growth  ceases  and  (with  animals  as  young  as  here  described)  usu¬ 
ally  a  loss  of  weight  begins  within  the  next  few  days,  and  at  abou 
the  same  time  careful  examination  may  begin  to  reveal  incipit 
abnormalities,  or  diminutions  of  positive  health. 

Animals  thus  continued  upon  the  vitamin  A-free  diet  ( 
experimental  diet  alone)  beyond  the  depletion  period  are  s0“,, 
spoken  of  as  “negative  controls.”  In  contrast,  the  positive  controls 
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are  animals  (otherwise  strictly  parallel,  of  course)  which  are  con¬ 
tinued  on  the  same  basal  experimental  diet  as  the  test  animals,  but 
with  a  supplement  of  sufficiently  high  vitamin  A  value  to  permit 
them  to  make  fully  normal  growth  and  development.  Other  animals 
of  the  group,  separated  at  the  end  of  the  depletion  period,  may  be 
fed  different  amounts  of  some  material  whose  vitamin  A  value  is 
known  or  is  to  be  ascertained,  and  in  the  latter  case  the  work  must 
be  so  planned  as  to  provide  strictly  parallel  cases,  in  sufficient  num¬ 
bers,  of  animals  fed  the  material  under  test  and  of  those  fed  the 
“reference  material”  whose  vitamin  A  value  is  quantitatively 
known. 


The  International  Unit  (I.U.)  of  vitamin  A  value  is  a  value 
equal  to  that  of  0.6  microgram  of  pure  beta-carotene.  The  stand¬ 
ardized  carotene  was  prepared  by  the  Health  Organization  of  the 
League  of  Nations  and  intended  only  for  those  having  official  need 
for  it.  A  ‘reference  codliver  oil”  whose  vitamin  A  value  has  been 
compared  with  the  International  standard  carotene  is  obtainable 
from  the  United  States  Pharmacopeia  Organization,  43rd  Street 
and  Woodland  Avenue,  Philadelphia. 

The  United  States  Pharmacopeia  (U.S.P.)  Unit  is  so  defined  as 
to  be  identical  with  the  International  Unit.  All  of  the  numerical 
expressions  of  vitamin  A  value  in  this  book  are  in  terms  of  this  unit 

As  may  be  seen  from  Fig.  30  there  is  (when  sufficient  numbers 
of  cases  at  each  level  are  averaged)  a  fairly  regular  gradation  of  the 
weight  curves  according  to  the  level  of  vitamin  A  fed;  but  the  gain 
is,  of  course  not  arithmetically  proportional.  The  same  data  repre¬ 
sented  by  this  set  of  curves  may  be  used  to  construct  a  “curve  of 
response  representing  the  relation  between  the  different  levels  of 

ne  dT  f  *,he  c°rresPonding  gains  in  weight  during  a  feeding- 
p  no  o  any  length  that  the  experimenter  may  desire.  A  test  period 
Of  four  weeks  is  now  most  generally  chosen.  (Coward's  book  listed 

^tT"85654^  Read‘ngs’  dis.cusses  these  points  in  detail.)  ’ 

8x  and  .6xPTervdsVeof  1"“*^  a',C”'  -lance  at  the 

the  difference  in  rate  of  growth and  ST he[althV>  with 
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lesions  mentioned  in  subsequent  paragraphs  as  results  of  vitamin-A 
deficiency. 


Nutritional  Effects  of  the  Level  of  Vitamin  A  Value 
of  the  Food  Consumed 

Rats  of  different  colonies  differ  somewhat  in  the  degree  of  short¬ 
age  of  vitamin  A  which  must  be  imposed  in  order  to  bring  about 
visible  illness.  It  is  reported  from  some  laboratories  that  in  order  to 
keep  their  rats  apparently  healthy  they  must  be  fed  enough  vitamin 
A  to  support  a  gain  of  body  weight  of  about  5  grams  a  week;  while 
the  rats  of  the  Columbia  colony  almost  invariably  remain  healthy 
when  receiving  enough  vitamin  A  to  permit  a  gain  of  3  grams  a 
week. 


The  Skeleton,  the  Muscles,  and  the  Skin 

A  higher  level  of  vitamin  A  intake  during  growth  induces  the 
probability  that  at  a  given  age  the  body  will  not  only  be  heavier  but 
also  more  long  and  lithe,  with  better-formed  bones  and  teeth,  better 
muscular  development  and  muscle  tone,  and  a  superior  condition 
of  skin  “like  the  sleekness  of  a  well-conditioned  farm  animal.” 

Even  after  such  losses  of  the  living  impression  as  are  involved  in 
its  transfer,  first  to  the  photographic  plate,  then  to  the  engravers 
block,  and  then  to  paper,  the  reader  may  still  be  able  to  see  some¬ 
thing  of  this  difference  between  the  twin  brothers  shown  in  Fig.  29 
(earlier  in  this  chapter) . 

McCollum  considers  a  certain  dryness  of  the  skin  as  one  of  the 
earliest  indications  of  a  shortage  of  vitamin  A.  The  observations  of 
MacKay  upon  babies  of  the  London  poor  indicated  that  a  mild 
shortage  of  vitamin  A  was  retarding  their  growth  and  making  their 
skin  less  wholesome  and  resistant.  This  condition  she  was  able  to 
cure,  by  enriching  the  diet  in  vitamin  A,  before  the  development  of 
any  of  the  more  drastic  symptoms. 


The  Eye:  Xerophthalmia  and  Nightblindness 

In  an  experiment  with  laboratory  animals  such  as  was  outlined 
above,  xerophthalmia  is  usually  the  first  noticeable  characteristic 
symptom  of  the  vitamin  A  deficiency.  In  work  with  cooperati't 
human  subjects  a  slight  but  detectable  degree  of  night  bhndnts 
(difficulty  of  adaptation  of  vision  to  diminished  light)  is  nov  g 
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erally  regarded  as  a  delicate  indication  of  an  incipient  deficiency  of 
vitamin  A. 

The  former  is  a  special  case  of  the  general  tendency  of  shortage  of 
vitamin  A  to  affect  the  mucous  membranes,  while  the  latter  has  to 
do  with  an  independent  function  of  vitamin  A  in  the  visual  process. 

Xerophthalmia  (keratomalacia,  conjunctivitis)  is  a  condition  of 
dry  inflammation  of  the  eye-lids  and  the  outer  surface  of  the  eye 
which,  soon  after  the  discovery  of  vitamin  A,  was  observed  by  Os¬ 
borne  and  Mendel  to  be  a  frequent  consequence  of  a  shortage  of  this 
factor.  The  current  explanation  is  that,  under  shortage  of  vitamin 
A,  the  cells  of  the  lachrymal  gland  cease  to  pour  out  their  normal 
secretion.  The  external  eye  thus  becomes  dry,  bacteria  multiply  and 
are  not  washed  away,  the  eyelids  become  congested  and  sometimes 
so  swollen,  sticky,  and  scabby  as  to  close  the  eye.  In  extreme  cases 
the  cornea  may  be  attacked  and  permanent  blindness  may  result. 
Mori  observed  such  an  eye  disease  among  children  of  the  Japanese 
poor  and  found  that  it  could  be  cured  (if  not  too  far  advanced)  bv 
chicken  livers,  fish  livers,  or  codliver  oil. 


Excessive  exportation  of  butter  from  Denmark  during  1914-1918 
caused  a  shortage  of  vitamin  A  in  the  food  of  the  poorer  people 

With  resulting  high  prevalence  of  xerophthalmia  in  Danish  children 
as  reported  by  Bloch  and  by  Blegvad. 

■  u"°“ J°”iunctivae  md  Bitot  spots— Kruse  (1941)  has  espe¬ 
cially  studied  the  slight  degrees  of  xerosis  which  precede  the  gross 

,nd  *v 

“t”*'1  ,h'  s"»'“d  srn&'z  5 

scopic  with  skilled  macroscoJrPp  •  '  -Y  combming  this  micro- 
Kruse  suggests  that  ST,  °f  !he.  “"j-ctivae, 

ciency  can  be  distinguished  and  that  the  ?  V“amin  A  defi‘ 
degrees  of  vitamin  A  deficiencv  are  ,h  fCar  ‘er  sta§es  or  milder 
prevalent  than  hitherto  supposed.  ^  f°Und  t0  be  much  more 

C  of  New  York 

requent  deficiency;  and  correspondingly  “^7 Tn' th7  Tm 
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junctiva  associated  with  avitaminosis  A  were  present  in  88  per 
cent  of  278  boys  and  85  per  cent  of  216  girls”  (Wiehl,  1942). 

Follicular  conjunctivitis  has  likewise  been  found  prevalent  among 
school  children  and  attributable  to  shortage  of  vitamin  A  in  their 
food  inasmuch  as  the  condition  was  cured  by  treatment  with  vita¬ 
min  A.  (If  the  medical  account  is  desired  see,  in  list  of  Suggested 
Readings  below:  Sandels,  Cate,  Wilkinson,  and  Graves,  1941.) 

Nigktblindness  (hemeralopia) ,  diminished  ability  to  see  clearly 
in  a  dim  light,  especially  when  the  eye  has  recently  been  exposed 
to  a  bright  one,  is  a  defect  of  vision  which  has  now  been  extensively 
investigated  with  results  which  show  that  vitamin  A  has  a  very 
fundamental  role  in  the  visual  process,  especially  in  the  regenera¬ 
tion  in  the  retina  of  the  visual  purple  after  its  bleaching  by  bright 
light. 

The  chemical  and  physical  mechanisms  involved  and  the  place  of 
vitamin  A  in  the  process  have  been  studied  by  several  investigators 
including  notably  Hecht,  Wald,  and  their  respective  coworkers. 
(To  present  this  work  in  a  fully  explicit  fashion  would  lead  beyond 
the  scope  of  this  book.  References  to  it  are  included  among  the 
Suggested  Readings  listed  at  the  end  of  this  chapter.) 


The  Respiratory  System 

As  Bessey  and  Wolbach  (1938)  explained,  the  characteristic 
histological  changes  of  vitamin  A  deficiency,  found  in  many  epi¬ 
thelial  structures,  consist  of:  (1)  atrophy  of  some  of  the  noimal 
cuboidal  surface  cells  of  epithelium,  (2)  reparative  proliferation 
of  basal  cells,  and  (3)  differentiation  of  this  new  material  into  a 
stratified  keratinizing  epithelium.  Many  of  the  visible  pathological 
features  of  the  deficiency  in  man  and  animals,  they  explain,  are 
the  results  of  accumulation  of  keratinized  epithelial  cells  in  glands 
and  their  ducts  and  in  other  organs.  This  is  true  of  xerophthalmia, 

which  has  already  been  considered. 

The  distribution  of  such  keratinizing  metaplasia  and  the  se¬ 
quence  of  its  development  as  between,  for  instance  the  eyes  t  e 
respiratory  system,  and  the  genito-urinary  tract,  tends  to  vary  bot 
with  species  and  with  the  age  at  which  the  vitamin  A  defic icnc  > 
encountered.  Bessey  and  Wolbach  emphasized  >"  1938  as  had 
Blackfan  and  Wolbach  in  1933,  the  danger  of  vitamin  A  defici  > 
to  the  rcspiratorv  tract.  They  found  that  in  the  human  infant  the 
commonest  and  earliest  appearance  of  epithelial  metaplasia  is 
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the  trachea  and  the  bronchi.  Blegvad,  following  the  histories  of 
Danish  infants  who  showed  eye  troubles  due  to  vitamin  A  deficiency 
during  1914-1918,  found  that  a  large  proportion  of  them  ultimately 
died  of  respiratory  disease. 

The  Genito-Urinary  Tract 

Osborne  and  Mendel  found  that  phosphatic  calculi  (“bladder 
stones”)  developed  in  the  urinary  tracts  of  a  large  proportion  of 
their  vitamin-A  deficient  rats.  The  explanations  offered  have  not 
been  entirely  harmonious.  In  a  comprehensive  review  Clausen  con¬ 
cludes  that  the  factors  involved  are  not  clearly  defined.  The  hypo¬ 
thesis  most  consistent  with  known  chemical  and  histological  factors 
would  seem  to  be  that  the  precipitation  of  phosphate  may  be  in¬ 
duced  by  a  local  infection  which  in  turn  is  attributable  to  an  ab¬ 
normality  of  the  epithelium  resulting  from  the  vitamin  A  deficiency. 

Atrophy  of  the  testes  and  disturbances  of  the  female  reproductive 
system  due  to  the  keratinizing  metaplasia  already  discussed  have 
been  observed  in  vitamin-A  deficient  human  beings  as  well  as  in 
experimental  animals. 


Storage  of  Vitamin  A  in  the  Body 

Vitamin  A  can  be  stored  in  the  body  to  a  large  extent,  and  with 
far-reaching  results. 

As  Bessey  and  Wolbach  summarize  it,  most  animals  have  a  re¬ 
markable  capacity  for  such  storage,  “illustrated  by  the  fact  that  a 
ra  may  in  a  few  days  store  enough  vitamin  A  to  supply  its  nutri- 

bodvW  7  Several  rmhs”  Usually  over  "ine-tenths  of  the 
body  s  store  of  vitamin  A  ,s  found  in  the  liver,  the  amount  thus 

stored  depending  upon  the  nutritional  background,— how  large  a 

surplus  the  food  has  supplied  and  for  how  long.  Lung  and  kidnev 

khas  heVC  f ’“a  7  'han  liVer’  but  Sti"  measurable  amounts-  and 
mo1  nt6  f  H “amin11 A^ 'T1  °f  A  infl-nce’s The 

practically  It lotr  ^  "  **  J*  »  * 

of  nutritional  intake  of  vitamin  A  i  ,  be  a  Tdin  "  **“ 
however,  contain  a  significant  amount  P  SUC  may' 

Agreeing  fully  with  Bessey  and  Wolbach  th„  .u  .  ,  , 

store  vitamin  A  in  the  bodv  in  cffi  *  t”at  t^le  rat  ls  aMe  to 

needs  for  a  relatively  long  time, 
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that  the  limit  of  the  body’s  capacity  for  storage  of  vitamin  A  is  not 
quickly  reached.  Thus  in  one  series  of  experiments*  it  was  found 
that  whether  the  opportunity  for  bodily  storage  was  afforded  by 
parallel  additions  of  1,  2,  or  4  per  cent  of  codliver  oil  to  an  already- 
adequate  diet,  or  by  feeding  the  diet  fortified  with  4  per  cent  of 
codliver  oil  for  different  lengths  of  time,  in  either  case  the  body  first 
stored  rapidly  from  the  surplus  fed,  but  thereafter  continued  to  add 
slowly  to  its  store  for  as  long  a  time  as  the  experimental  feeding  was 
continued,  and  increasingly  with  the  level  fed  up  to  the  highest 
fortification  tried.  More  recent  work  shows  even  more  strikingly  the 


Fig.  31.  Curves  illustrating  the  effects  of  differing  bodily  stores  of  vitamin 
A.  (See  text.) 


ability  of  the  body  to  continue  storing  vitamin  A  throughout  long¬ 
term  experiments  ( Sherman  and  4  rupp,  1949). 

By  the  end  of  infancy,  differently  fed  individuals  of  the  same 
species  and  racial  stock  or  strain  may  have  quite  different  bodily 
reserves  of  vitamin  A.  Thus,  in  the  experiments  summarized  in 
Fig.  31  young  rats  of  the  same  colony  but  whose  family  dietaries 
consisted  of  (i)  one-sixth  dried  whole  milk  with  five-sixths  ground 
whole  wheat  (Diet  16),  and  (2)  two-thirds  dried  whole  milk  with 
one-third  ground  whole  wheat  (Diet  70),  respectively,  were  trans¬ 
ferred  at  the  age  of  28  days  to  the  same  vitamin-A-free  diet.  Those 

from  Diet  16  with  its  approximately  minimal-adequate  vitamin  A 

content  had  only  sufficient  body  store  to  grow  about  10  grams  and 
lo  survive  an  adage  of  34  days,  while  those  from  D.et  70,  wh.c 
.  Sherman,  H.  C„  and  M.  L  Cammach  .926  A  quantitative  study  of 
,he  storage  of  vitamin  A.  ].  B,ol.  Chem.  68,  69-74. 
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contains  about  four-fold  more  vitamin  A  than  does  Diet  16,  had 
enough  body  store  at  the  same  age,  to  grow  about  70  grams  and 
survive  an  average  of  65  days  on  the  same  vitamin-A-free  diet.  The 
difference  in  vitamin-A  values  between  these  two  family  dietaries 
is  no  greater  than  the  differences  which  currently  exist  between 
many  of  those  of  American  families  (and  often  even  between  fami¬ 
lies  of  the  same  locality  and  same  economic  level)  depending  upon 
their  different  choices  of  food. 

With  older  animals  there  is  necessarily  much  less  opportunity  for 
growth  to  enter  into  the  comparisons;  but  comparisons  of  rats  taken 
at  different  ages  from  the  same  home  dietary,  which  in  this  case 


Fig.  32.  Influence  of  the  vitamin 
A  content  of  the  food  on  the  rate 
of  retention  of  vitamin  A  in  the 
body.  Curves  I,  II,  and  III  show 
respectively  the  effects  of  3,  6,  and 
12  International  Units  of  vitamin 
A  per  gram  of  food.  The  figures 
given  are  average  results  for  female 
rats.  The  relationship  in  the  case  of 
males  was  similar. 


had  about  twice  the  minimal-adequate  level  of  vitamin  A,  showed 
that  the  length  of  time  they  could  survive  upon  a  vitamin-A-free 
diet  continued  to  increase  with  their  age  up  to  adulthood.  While 
this  mode  of  investigation  is  in  itself  perhaps  less  clear-cut  and  con¬ 
clusive  ^an  the  one  above  described,  it  is  significant  as  evidence  of 
y  another  kind  that  the  body  continues  for  a  relatively  long  time 
to  add  to  its  reserves  of  vitamin  A  if  the  food  contains  a  surplus 
above  immediate  nutritional  need.  F 

Lack  of  complete  realization  of  the  full  extent  and  significance 
of  th,s  phenomenon  of  widely  differing  bodily  storage?  has  un 

experience  T/cT,?  ^  r  ^  °f  ^^rpretatJofhLan 

thfvkamin  Alevel  fr,.  Pt'7m  reSarding  the  importance  of 
me  vitamin-A  level  in  the  human  food  supply. 

thailable  r the  quantitative  roic 

age  can  play  in  the  growth  and  health  of  the  rat. 
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and  taking  account  of  the  relative  lengths  of  life  in  the  two  species, 
it  appears  that  human  subjects  would  have  to  be  kept  for  years 
under  strict  observation  in  order  fully  to  control  the  differing  in¬ 
fluence  from  their  different  nutritional  backgrounds. 


Relation  to  Frequency  and  Duration  of  Infection 


Summarizing  his  special  study  of  the  subject,  Clausen  points  out 
that  the  possibility  of  diet  having  influence  upon  the  incidence, 
course,  and  final  outcome  of  infection,  is  a  comparatively  recent 
idea,  a  development  of  twentieth-century  science.  In  other  words, 
only  as  the  means  of  investigating  infections  came  to  take  on  the 
character  of  the  exact  sciences,  and  as  the  newer  knowledge  of 
nutrition  arose,  did  it  become  experimentally  possible  to  find  ob¬ 
jective  evidences  of  relationships  which  before,  if  postulated  at  all, 
had  been  regarded  by  physicians  as  merely  the  views  of  a  few 


enthusiasts. 

The  work  of  Boynton  and  Bradford  (1931),  and  others,  refer¬ 
ences  to  which  may  be  found  at  the  end  of  this  chapter,  showed 
clearly  that  animals  fed  on  diets  low  in  vitamin  A  had  low  re¬ 
sistance  to  experimental  inoculation  with  infective  organisms,  and 
that  this  loss  of  resistance  in  rats  deprived  of  vitamin  A  appeared 
before  any  other  then  recognized  evidence  of  vitamin  A  deficiency. 
The  fact  that  in  this  investigation  rachitic  rats  showed  undimin¬ 
ished  resistance  to  infection  is  not  necessarily  inconsistent  with  the 
view  that  children  who  have  been  protected  from  rickets  are  less 
subject  to  respiratory  disease.  For  protection  from  rickets  has  so 
generally  been  accomplished  by  means  of  the  fish  liver  oils  that  the 
children  thus  protected  have  at  the  same  time  received  important 
additions  to  their  bodily  reserves  of  vitamin  A.  Mellanby  in  the 
very  careful  and  extensive  experiments  which  he  made  at  the  time 
that  vitamins  A  and  D  were  just  beginning  to  be  differentiated  from 
each  other,  observed  that  pups  fed  diets  poor  in  vitamin  A  showed 
an  undue  liability  to  pneumonia.  Rats  of  many  different  colonies 
and  strains,  observed  under  conditions  of  laboratory  control,  have 
now  been  found  by  several  investigators  to  suffer  more  from  in 
fections  when  kept  on  diets  of  low  vitamin  A  value. 

Discussions  have  not  always  distinguished  between  mc.dence 
severity,  and  duration  of  infections.  In  one  cl.mcal  instigation  « 
was  found  that  while  extra  vitamin  A  given  to  normally  noun. 
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people  showed  no  certain  effect  upon  the  incidence  or  initial 
severity  of  “the  common  cold,”  it  did  measurably  diminish  the 
duration  of  infections  of  a  given  severity. 

The  work  of  McClung  and  Winters  ( 1932)  also  showed  clearly 
under  well-controlled  conditions  a  greater  susceptibility  to  infec¬ 
tion  in  those  individuals  whose  diet  is  deficient  in  vitamin  A. 

Other  (though  not  all)  investigations  indicate  that,  under  con¬ 
ditions  of  everyday  life,  people  receiving  extra  allowances  of  vita¬ 
min  A  have  fewer  days  of  disabling  colds  than  in  their  previous  ex¬ 
periences  at  the  same  season  of  year,  or  than  in  the  parallel  experi¬ 
ence  of  people  similarly  placed  in  other  respects  but  getting  diets 
whose  vitamin  A  value  has  received  no  special  attention. 

Doubtless  the  next  few  years  will  see  further  clarification  of  the 
questions  which  here  we  can  discuss  only  in  rather  tentative  terms 
or  bring  to  notice  through  the  Suggested  Readings  at  the  end  of 
the  chapter. 

Meanwhile  it  seems  safe  to  say  that  whether  in  a  given  case  the 
benefit  comes  through  diminished  incidence,  lessened  severity,  or 
shortened  duration,  there  are  doubtless  many  cases  in  which  one 
who  has  regularly  had  a  liberal  daily  intake  and  a  rich  bodily 
reserve  of  vitamin  A  suffers  less  from  infections. 


Reproduction  and  Lactation 

Vitamin  A  is  quite  as  definitely  essential  to  reproduction  as  is 
the  socalled  anti-sterility  vitamin  (vitamin  E).  The  latter  received 
this  designation  because  it  was  not  known  to  be  particularly  con¬ 
cerned  with  general  nutritional  functions  and  not  because  it  is  any 
more  vitally  concerned  in  reproduction  than  is  vitamin  A. 

For  the  support  of  successful  reproduction  and  lactation  the  diet 
must  furnish  jnore  vitamin  A  than  is  needed  for  even  the  most  rapid 
growth.  For  instance,  in  the  rat  families  studied  by  Sherman  and 
MacLeod  ( 1925)  a  diet  of  relatively  low  vitamin  A  value  supported 
growth  surprisingly  well  for  some  time  but  failed  utterly  when  put 
to  the  further  and  more  rigorous  test  of  its  adequacy  to  the  suc- 
cessful  launching  of  a  second  generation.  On  this  low  vitamin  A  diet 
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tained  more  milk-fat,  reproduction  and  rearing  of  young  proceeded 
normally. 


Full-life  and  Successive-generation  Experiments 

The  investigations  mentioned  in  the  preceding  paragraph  were 
extended  by  Batchelder  in  a  series  of  full-life  and  successive-genera¬ 
tion  experiments  with  rat  families  fed  diets  of  systematically 
graded  vitamin  A  content.  Those  at  the  minimal  adequate  level  of 
vitamin  A  intake  grew  to  normal  size  (though  in  the  lower  ranges 
of  the  normal  zone),  were  successful  in  bearing  and  rearing  young, 
lived  to  an  age  within  the  normal  range  of  longevity  without  show¬ 
ing  any  specific  sign  of  vitamin  A  deficiency,  and  left  vigorous 
offspring.  On  a  level  of  vitamin  A  intake  twice  as  high,  the  per¬ 
formances  in  all  these  respects  were  again  within  the  normal  range, 
but  the  average  record  wTas  slightly  higher  with  respect  to  every  one 
of  the  criteria  just  mentioned.  Parallel  animals  on  a  level  of  vitamin 
A  intake  four-fold  higher  than  that  of  minimal  adequacy  again 
made  slightly  better  average  records  than  those  on  the  two-fold 
level.  At  a  level  eight-fold  that  of  the  minimal-adequate  vitamin  A 
requirement,  the  original  animals  showed  no  measurably  different 
responses  from  those  on  the  four-fold  level;  but  the  higher  of  these 
two  levels  seemed  to  confer  a  still  further  benefit  upon  the  offspring. 
(It  will  be  remembered  from  Chapter  XIII  that  in  the  case  of  ribo¬ 
flavin — as  here  of  vitamin  A — when  liberality  of  intake  has  been 
carried  to  the  “plateau  level”  of  adult  response,  further  increments 
may  still  show  further  benefits  to  the  offspring.) 

More  recently  the  Columbia  laboratory  with  the  aid  of  grants 
from  The  Nutrition  Foundation  has  resumed  and  extended  its  ex¬ 
perimental  studies  of  the  effects  of  different  levels  of  vitamin  A  in¬ 
take  with  results  which  permit  of  more  positive  and  quantitative 
conclusions,  especially  as  regards  the  relation  of  the  vitamin  A  value 
of  the  diet  to  the  length  of  life.  Starting  with  a  diet  which  previous 
and  parallel  work  has  shown  adequate  to  the  degree  that  rat  fami¬ 
lies  are  still  thriving  upon  it  in  the  72nd  generation,  it  is  found  that 
doubling  the  vitamin  A  value  of  the  diet  increased  the  average 
length  of  these  already  normal  lives.  And  moreover,  on  again 
doubling  the  vitamin  A  value  of  the  diet  there  follow  further  im¬ 
provements  of  life  history  to  the  extent  that  in  terms  of  the  original 
(adequate  but  suboptimal)  level,  quadrupling  the  original  intake 
increased  the  already  normal  length  of  life:  of  males,  10.4  per  cent, 
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and  of  females,  12.1  per  cent.  Moreover,  in  these  same  experiments, 
the  socalled  “useful  life”  (that  part  of  the  life  cycle  which  lies  be¬ 
tween  the  attainment  of  maturity  and  the  onset  of  senility)  was  in¬ 
creased  in  greater  ratio  than  the  life  span  itself. 

Whatever  form  the  final  explanation  may  take,  the  fact  is  shown 
by  experiment  for  vitamin  A  (as  it  has  been  also  for  vitamin  C  and 
for  calcium)  that  the  difference  between  minimal  adequate  and 
the  optimal  intake  is  much  wider  than  had  been  supposed,  or  than 
is  probable  for  many  other  factors  in  nutrition. 

This  means  that  the  science  of  nutrition  has  greater  constructive 
potentialities  than  hitherto  supposed.  Also,  it  meanwhile  compli¬ 
cates  the  problem  of  quantitative  standards  of  “requirement.” 


Human  Requirements  for  Vitamin  A 


In  view  of  the  facts  mentioned  in  the  preceding  paragraphs,  the 
question,  How  much  vitamin  A  value  is  required  in  human  nutri¬ 
tion?,  logically  raises  the  further  question,  Required  for  what:  for 
the  maintenance  of  passable  health  with  prevention  of  frank  symp¬ 
toms  of  deficiency,  or  for  the  support  of  the  highest  degree  of  nutri¬ 
tional  wellbeing  and  positive  health  that  each  individual  is  poten¬ 
tially  able  to  attain? 

This  distinction  being  relatively  new,  there  are  still  many  people, 
and  perhaps  even  some  influential  ones,  who  regard  it  as  more  or 
less  spec  ulative.  On  the  other  hand,  the  reality  of  the  difference  is 
recognized  as  highly  significant  by  those  who  sufficiently  study  the 
expenmental  evidence  quantitatively.  Thus  it  is  gradually  coming 
to  be  considered  that  the  human  requirement  should  mean  not  only 
what  is  needed  for  the  prevention  of  specific  deficiency  symptoms, 
but  further  what  is  needed  to  permit  a  human  population  to  realize 
fully  the  potentialities  of  its  hereditary  birthright. 

Aykroyd  and  Krishnan  ,*  as  the  result  of  special  study,  considered 
that  the  need  for  vitamin  A  value  in  human  nutrition  is  higher  than 
previously  believed,  and  proposed  allowances  of  3000  to  5000  I  U 
per  child  per  day. 

Booher,  Callison,  and  coworkersf  have  found  the  minimum  re- 


*  Aykroyd,  W.  R 
23,  741-745. 


and  B.  G.  Krishnan 


1946  Indian  J.  Med.  Research 


t  Booher,  L.  E.,  E.  C.  Callison,  and  E.  M.  Hewston  194Q  *n  . 
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quirements  for  the  maintenance  of  the  normal  efficiency  of  the  eye 
in  the  dark-adaptation  test  in  five  “ostensibly  healthy”  adults 
(three  women  aged  30  to  40;  and  two  men  aged  21  and  25  years) 
to  vary  from  1750  to  3850  I.U.  per  day  when  taken  in  the  form  of 
vitamin  A  itself,  or  3010  to  7210  I.U.  per  day  when  taken  in  the 
form  of  carotene  dissolved  in  cottonseed  oil.  Batchelder  and  Ebbs 
( 1944)  found  evidence  favoring  the  higher  allowances  while  tenta¬ 
tive  findings  of  a  British  wartime  study  suggested  that  lower  allow¬ 
ances  might  suffice. 

When  experiments  show  such  a  wide  apparent  range  in  even  the 
minimum  requirement,  and  it  is  still  a  matter  of  varying  judgment 
among  nutritionists  how  the  optimal  allowance  shall  be  related  to 
the  minimum  (or  “rock  bottom  requirement”)  it  is  obvious  that 
attempts  to  state  human  requirements  in  precise  quantitative  form 
must,  for  the  present,  be  largely  matters  of  judgment.  The  present 
writers  favor  the  liberal  allowances  recommended  by  the  National 
Research  Council  in  1948. 

The  Recommended  Daily  Allowances  of  the  National  Research 
Council  Committee  provide: 


5,000  International  Units  for  normal  human 
adults,  rising  to  6,000  for  women  in  the  latter 
half  of  pregnancy  and  8,000  during  lactation; 
1,500  such  units  for  children  under  1  year  of  age; 
2,000,  for  children  of  1  to  3  years; 

2.500,  “  “  “  4  to  6  “  ; 

3.500,  “  “  “  7  to  9  “  ; 

4.500, “  “  “10  to  12“  ;  and 

5,000-6,000  for  young  people  of  13  to  20. 


Whether  these  recommended  allowances  will  seem  sound  in¬ 
vestments  will  depend  largely  upon  the  degree  of  acceptance.  (1 )  o 
the  methods  and  criteria  of  Kruse  which  tend  to  show  by  d.rec 
observations  upon  the  human  population,  that  slight  d(=ficie"“es 

are  more  frequent  and  actual  requirements  therefore  higher  tha 

hitherto  supposed;  and  (2)  of  the  evidence  from  full-hfe  and  u  - 
cessive-generation  experiments  with  laboratory  animals  indicating 
hat  in  the  case  of  vitamin  A  there  is  a  wide  zone  of  beneficial  m 
crelse  between  the  minima, -adequate  and  the  long-run  optimal 

level  of  intake. 
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Vitamin  A  Values  of  Foods 

The  carotenes  (and  possibly  other  precursors  or  provitamins) 
formed  in  plants,  and  the  ready-formed  vitamin  A  contained  in 
many  food  materials  of  animal  origin,  together  constitute  the  source 
of  the  vitamin  A  which  functions  so  importantly  in  our  nutrition. 
One  may,  therefore,  give  much  weight  to  the  vitamin  A  values  of 
foods  in  the  planning  of  the  dietary,  b r  one  may  leave  the  responsi¬ 
bility  for  vitamin  A  very  largely  to  the  regular  taking  of  fish-liver 
oils. 

Probably  the  best  plan  is  to  give  considerable  weight  to  vitamin 
A  values  in  the  choice  of  foods  or  planning  of  food  budgets^o  that 
in  satisfying  our  hunger  we  shall  have  ingested  at  least  a  minimal- 
adequate  amount  of  vitamin  A,  and  then  (for  “insurance”  or  “good 
measure”  or  for  the  further  promotion  of  positive  health)  take  fish- 
liver  oil  also,  at  least  during  the  winter  months. 

The  green  leaf  vegetables  as  a  group  and  such  yellow  vegetables 
as  carrots  and  the  highly  colored  varieties  of  sweetpotatoes  are  rich 
in  carotene  and  so  are  of  high  vitamin  A  value. 

Grasses  and  other  forage  plants  which  (in  America  and  Europe, 
at  least )  are  not  classified  as  human  foods,  are  also  of  high  vitamin 
A  value,  and  in  milch  cows  and  laying  hens  the  human  family  has 
very  efficient  servants  for  bringing  into  forms  excellently  adapted 
to  our  use  (milk  and  eggs),  the  values  of  more  fibrous  leaves  than 
we  ourselves  would  care  to  eat.  Muscles,  however,  take  up  ex¬ 
tremely  little  vitamin  A,  even  when  the  animal  is  abundantly  sup¬ 
plied  ;  so  clear  lean  muscle  meats  are  always  of  low  vitamin  A  value 
Liver  is,  weight  for  weight,  usually  a  much  richer  source,  but  vari¬ 
able  depending  upon  how  the  animal  has  been  fed.  Adipose  tissue 
usually  contains  more  than  clear  lean  but  less  than  liver 

The  cereal  grains,  and  therefore  their  mill  products,  and  bakery 
products  (unless  made  with  milk,  butter,  fortified  margarines  or 
eggs)  contain  only  instgmficant  amounts  of  vitamin  A  or  of  anv 

^X^s™8  k  ak°  °f  —  -  *  —  commercial 

valid  ffar’  “  haS  ,beCn  POSSib'e  ‘°  Speak  in  «eneral  terms  which  are 
tahd  for  general  types  of  food.  There  are,  however  other  foods 

statement!100  *°  *  “CUratdy  COVer(=d  bV  these  general 

Thus  not  only  is  the  vitamin  A  value  enormously  higher  in  car- 
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rots  than  in  turnips;  but  also  in  deep-yellow  than  in  pale-fleshed 
sweetpotatoes,  in  Hubbard  squash  than  in  pale-fleshed  summer 
squash,  in  loose-leaf  than  in  tightly  headed  lettuce,  in  the  green 
growing  tip  than  in  the  white  stalk  of  asparagus,  and  so  in  many 
other  such  cases.  For  example,  Kramer,  Boehm  and  Williams 


(1929)  found  the  outer  green  leaves  of  lettuce  to  have  30  or  more 
times  as  high  vitamin  A  value  as  the  white  inner  leaves  from  the 
same  heads. 

Table  26.  Vitamin  A  Values  of  Certain  Foods 

International  Units 

Food 

per  100  Grams 

Foods  of  Animal  Origin 

Muscle  meats 

0-50 

Liver  (of  cattle,  sheep,  and  swine) 

10,000-40,000 

Milk 

160-225 

Butter 

3300-4000 

Eggs 

1000-2000 

Egg  white 

negligible 

Egg  yolk 

3000-4000 

Fruits  and  Vegetables 

Apples 

40-100 

Asparagus 

300-1000 

Bananas 

300-430 

Beans,  baked 

30-70 

Carrots 

4000-12,000 

Greens  (Dandelion,  Escarole,  Kale, 

Lambsquarters,  Mustard,  Spinach, 

Turnip  tops) 

3,000-20,000 

Peas,  fresh  young  green 

680-1300 

Potato 

20-50 

Sweetpotato  (varying  with  color) 

2000-7700 

Fish  liver  oils 

around  200,000 

When  comparisons  are  made  of  ( a )  the  amounts  of  carotene(s) 
in  vegetables  as  indicated  by  chemical  analysis  in  vitro  with  (b)  the 
vitamin  A  values  as  indicated  by  feeding  experiments  (“biological 
vitamin  A  values”)  the  carotenes  show  availability  values  con¬ 
siderably  below  the  theoretical;  and  lower  for  yellow  roots  than  for 
green  leaves.  Experiments  in  the  U.  S.  Department  of  Agricu  tore 
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Table  27.  Approximate  Losses  of  Vitamin  A  Values  on  Cooking  Foods. 
Examples  Selected  from  the  Data  of  Taylor  and  MacLeod ,  “Rose’s  Laboratory 
Handbook  for  Dietetics,”  5th  Edition  (Macmillan)  (By  permission 
of  the  authors  and  publisher.) 

Percentage  Loss 


Asparagus,  fresh,  boiled 

25 

Beans,  green  snap,  boiled 

25 

other  methods 

20 

Broccoli,  all  methods 

20 

Cabbage,  all  methods 

30 

Cauliflower,  all  methods 

5 

Okra,  all  methods 

20 

Onions,  all  methods 

5 

Peas,  all  methods 

20 

Sweetpotatoes 

20 

Turnip  greens,  all  methods 

25 

showed  67  per  cent  availability  for  the  carotenes  of  kale;  37  per 
cent  for  those  of  sweetpotatoes;  and  34  to  41  per  cent  for  those  of 
carrots.* 


EXERCISES 

1*  Arrangc  your  “twelve  to  forty  foods”  in  the  order  of,  or  in  groups 
according  to,  their  vitamin  A  values,  (1)  per  100  grams;  (2)  per  100 
Calories. 

2.  Divide  a  litter  of  rats  between  three  and  four  weeks  old  into  two 
groups  as  nearly  equal  as  possible  in  size  and  in  the  distribution  of  the 
sexes.  To  one  group  feed  a  dietf  adequate  (to  the  needs  of  rats)  in  all 
respects,  and  with  its  vitamin  A  supplied  solely  in  the  form  of  butter 
or  butterfat.  To  the  other  group  feed  a  diet  similar  except  for  the 

era(  week?  °f  l  °r  ™‘tons^d  oil  for  the  buM"  or  butterfat.  Sev- 
cral  wcks  may  elapse  before  the  nutritional  effects  of  this  difference 
in  diets  begin  to  appear. 

3^  B  circumstances  permit,  duplicate  the  preceding  Exercise  with 
a  para d  experiment  using  a  litter  of  rats  whose  home  diet  has  been 
distinctly  richer  or  poorer  in  vitamin  A  value. 

*  Journal  of  Nutrition,  37,  139-152  (1949) 

A  Etssrr dirMions  ,or  vitami" 

used.  aaapted  to  individual  circumstances  may  be 


270  ESSENTIALS  OF  NUTRITION 


SUGGESTED  READINGS 


Batchelder,  E.  L.  1934  Nutritional  significance  of  vitamin  A 
throughout  the  life  cycle.  Am.  J.  Physiol.  109,  430-435. 

Batchelder,  E.  L.,  and  J.  C.  Ebbs  1944  Some  observations  of 
dark  adaptation  in  man  and  their  bearing  on  the  problem  of 
human  requirements  for  vitamin  A.  J.  Nutrition  27,  295-302. 

Bessey,  O.  A.,  and  S.  B.  Wolbach  1938  Vitamin  A:  Physiology 
and  pathology.  J.  Am.  Med.  Assoc.  110,  2072-2080;  reprinted 
as  Chapter  II  of  “The  Vitamins,  1939.”  (American  Medical  As¬ 
sociation.) 

Blackfan,  K.  D.,  and  S.  B.  Wolbach  1933  Vitamin  A  de¬ 
ficiency  in  infants.  J.  Pediat.  3,  679-706. 

Booher,  L.  E.,  and  E.  C.  Callison  1939  Vitamin  needs  of  man: 
Vitamin  A.  U.  S.  Dept.  Agriculture  Yearbook,  “Food  and  Life,” 


221-229. 

Boynton,  L.  C.,  and  W.  L.  Bradford  1931  Effect  of  vitamins  A 
and  D  on  resistance  to  infection.  /.  Nutrition  4,  323-329. 

Brenner,  S.,  M.  C.  H.  Brookes,  and  L.  J.  Roberts  1942  The 
relation  of  liver  stores  to  the  occurrence  of  early  signs  of  vitamin 
A  deficiency  in  the  white  rat.  J.  Nutrition  23,  459-471. 

Caldwell,  A.  B.,  G.  MacLeod,  and  H.  C.  Sherman  1945  Bodily 
storage  of  vitamin  A  in  relation  to  diet  and  age.  J.  A  utrition  30, 


349_353. 

Callison,  E.  C.,  and  E.  Orent-Keiles  1947  Availability  of 
carotene  from  carrots  and  further  observations  on  human  re¬ 
quirements  for  vitamin  A  and  carotene.  J.  Nutrition  34,  153-165. 

Clausen,  S.  W.  1934  The  influence  of  nutrition  upon  re¬ 
sistance  to  infection.  Physiol.  Rev.  14,  309-350. 

Cooley,  M.  L.,  J.  B.  Christiansen,  and  R.  C.  Koehn 

Vitamin  A  in  mixed  feeds:  Chromatographic  separation  and 


estimation.  Anal.  Chem.  21,  593  595.  ,  , 

Coward  K.  H.  1947  The  Biological  Standardization  of  the 

Vitamins,  2nd  Ed.  (London:  Balliere,  Tindall,  and  Cox.) 
Daniels  A.  L.  M.  E.  Armstrong,  and  M.  K.  Hutton  Vii 
Nasal  sinusitis  produced  by  diets  deficient  in  fat-soluble  A  vitamin. 

J.  Am.  Med.  Assoc.  81,  828-829.  _  .  A  in 

J  t  n  nl  1922  The  origin  of  the  vitamin  a  i 

Drummond,  J.  C.,  et  at.  J  9  .,0  509 

fish  oils  and  fish  liver  oils.  Bwchem.  J.  16,  482-485,  518  3U. 
Eddy,  W.  H„  and  G.  Dalldorf  1941  The  Amtam, noses,  2nd  Ed. 

(WilUams^and  WilkinsOoN  Thc  effeCts  Gf  soya  lecithin 

SH  on  the  absorption,  utilization,  and A  ^ 

tene  in  thc  white  rat.  J.  Nutrition  36,  391-404. 


VITAMIN  A  AND  ITS  PRECURSORS 


271 


Glover,  J.,  T.  W.  Goodwin,  and  R.  A.  Morton  1948  Con¬ 
version  of  beta-carotene  into  vitamin  A  in  the  intestine  of  the 
rat.  Biochem.  J.  43,  512-518;  Chem.  Abs.  43,  3899. 

Goodwin,  T.  W.,  and  B.  A.  Gregory  1948  Studies  in  vitamin  A. 
VII.  Biochem.  J.  43,  505-512. 

Guerrant,  N.  B.  1949  Influence  of  age  and  of  vitamin  A  intake 
on  the  storage  of  vitamin  A  in  the  liver  of  the  rat.  J.  Nutrition 
37,  37-51. 

Guilbert,  H.  R.,  C.  E.  Howell,  and  G.  H.  Hart  1940  Mini¬ 
mum  vitamin  A  and  carotene  requirements  of  mammalian  species. 
/.  Nutrition  19,  91-103. 

Hambidge,  G.  1939  Food  and  life — a  summary.  U.  S.  Dept. 
Agriculture  Yearbook,  “Food  and  Life,”  3-5. 

Hecht,  S.,  and  J.  Mandelbaum  1939  The  relation  between 
vitamin  A  and  dark  adaptation.  /.  Am.  Med.  Assoc.  112,  1910— 
1916. 


Hickman,  K.  1946  Vitamin  storage  and  utilization  in  the 
organism.  Nature  158,  269. 

Jeans,  P.  C.,  E.  L.  Blanchard,  and  F.  E.  Satterthwaite  1941 
Dark  adaptation  and  vitamin  A:  Further  studies  with  the  bio¬ 
photometer.  J.  Pediatrics  18,  170-194. 

Josephs,  H.  W,  M.  Baber,  and  H.  Conn  1941  Studies  on 
vitamin  A:  Relation  of  blood  level  and  adaptation  to  dim  light 
to  diet.  Bull.  Johns  Hopkins  Hosp.  68,  375-387. 

Kramer,  M.  M.,  G.  Boehm,  and  R.  E.  Williams  1929  Vitamin 
A  content  (value)  of  the  green  and  white  leaves  of  market  head 
lettuce.  /.  Home  Econ.  21,  679-680. 

Kru^’  -0'  194}  Medical  evaluation  of  nutritional  status.  IV. 

e  ocular  manifestations  of  avitaminosis  A,  with  especial  con- 

ptlT'u  iL  vC  dct“tion  of  ear'y  Ganges  by  biomicroscopy. 
Public  Health  Repts.  56,  1301-1324. 

Lehman,  E.,  and  H  G.  Rapaport  1940  Cutaneous  manifesta- 

386-393 Vltamm  A  defitlenCy  in  ch!ldren-  J-  Am.  Med.  Assoc.  114, 

Leono,  P.  C  1941  Vitamin  A  in  blood  and  its  relation  to  bodv 
LeshTrM5  '  A°R  m'  1  35>r80Ml2i  /■  Home  Econ.  34,  199  " 

MAcf’  f948°BINTtON'  J  K-  8rody>.  H-  H;  Williams,  and  I.  G. 

secrenon  of  vitamin  A  in  human  milk.  J.  Am.  Z  24, 

Lewis  J  M.,0.  Bodanskv,  K.  G.  Falk,  and  G.  McGuire  1942 
Vitamin  A  requirements  in  the  rat.  The  relation  of  •«.  •  a 

■make,  to  growth  and  to  concentration  of  v him SVL TTu  d 
plasma,  liver,  and  retina.  /.  Nutrition  23,  351-363 


272  ESSENTIALS  OF  NUTRITION 


Lewis,  J.  M.,  O.  Bodansky,  M.  C.  C.  Lillienfeld  and  H.  Schneider 
1947  Supplements  of  vitamin  A  and  of  carotene  during  preg¬ 
nancy:  Their  effects  on  the  levels  of  vitamin  A  and  carotene  in 
the  blood  of  mother  and  of  newborn  infant.  Am.  J.  Diseases 
Children  75,  143-150;  Nutr.  Abs.  Rev.  17,  226. 

Mack,  P.  B.,  and  A.  P.  Sanders  1940  The  vitamin  A  status  of 
families  in  widely  different  economic  levels.  Am.  J.  Med.  Sci.  199, 
686-697. 

MacLeod,  G.,  and  C.  Taylor  1944  Rose’s  Foundations  of  Nutri¬ 
tion,  4th  Ed.  (Macmillan.) 

Mattson,  F.  H.  1948  The  site  of  conversion  of  carotene  to 
vitamin  A.  J.  Biol.  Chem.  176,  1467-1468. 

McClung,  L.  S.,  and  J.  C.  Winters  1932  Effect  of  vitamin-A- 
free  diet  on  resistance  to  infection  by  Salmonella  enteritidis.  /. 
Infectious  Diseases  51,  469-474. 

McCollum,  E.  V.,  et  al.  1939  The  Newer  Knowledge  of 
Nutrition,  5th  Ed.,  Chapters  XII  and  XIII.  (Macmillan.) 

Mellanby,  E.  1947  Vitamin  A  and  bone  growth:  the  reversi¬ 
bility  of  vitamin- A-deficiency  changes.  J.  Physiol.  105,  382-399; 
Nutr.  Abs.  Rev.  17,  91-92. 

Review  1943  Effects  of  vitamin  A  depletion  in  man.  Nutrition 
Rev.  1,  348-350. 

Review  19436  Bone  overgrowth  and  nerve  degeneration  in  vita¬ 
min  A  deficiency.  Nutrition  Rev.  1,  419-422. 

Review  1944  Regulation  and  significance  of  plasma  vitamin  A 
level.  Nutrition  Rev.  2,  176-178. 

Review  19446  Vitamin  A  and  the  nervous  system.  Nutrition 


Rev.  2,  279-282. 

Review  1945  Dietary  requirements.  Nutrition  Rev.  3,  293— 29j. 
Review  1948  Comparative  absorption,  excretion,  and  storage  of 
oily  and  aqueous  preparations  of  vitamin  A.  Nutrition  Rev.  6, 


248-251. 

Review  1949  Extra-hepatic  conversion  of  carotene  to  vitamin  A. 

Nutrition  Rev.  7,  169.  . 

Review  19496  Comparative  activities  of  carotenoids  in  promoting 
growth  and  vitamin  A  storage  in  rats.  Nutrition  Rev.  7,  180-182. 
Review  1949c  Neurologic  manifestations  associated  with  vitamin 
A  deficiency  in  young  ducks.  Nutrition  Rev.  7,  188-190. 

Review  1949 d  Vitamin  A  deficiency  in  man.  Nutrition  Rev. 

Rofskv,  h!a8,'  and  B.  Newman  1 948  A  study  of  the  vitamin  A- 
and  carotene-tolerance  tests  in  the  aged.  Gastroenterology  » 

1001-1006;  Chem.  Abs.  42,  7385. 


VITAMIN  A  AND  ITS  PRECURSORS 


273 


Sandels,  M.  R.,  H.  D.  Cate,  K.  P.  Wilkinson,  and  L.  J!  Graves 
1941  Follicular  conjunctivitis  in  school  children  as  an  expres¬ 
sion  of  vitamin  A  deficiency.  Am.  J.  Diseases  Children  62,  101- 
114. 

Sherman,  H.  C.,  and  H.  L.  Campbell  1945  Stabilizing  in¬ 
fluence  of  liberal  intake  of  vitamin  A.  Proc.  National  Acad.  Sci. 


31,  164-166. 

Sherman,  H.  C.,  H.  L.  Campbell,  M.  Udiljak,  and  H.  Yarmol- 
insky  (Trupp)  1945  Vitamin  A  in  relation  to  aging  and 
to  length  of  life.  Proc.  National  Acad.  Sci.  31,  107—109. 

Sherman,  H.  C.,  and  F.  L.  MacLeod  1925  The  relation  of  vita¬ 
min  A  to  growth,  reproduction,  and  longevity.  J.  Am.  Chem.  Soc. 
47,  1658-1662. 

Sherman,  H.  C.,  and  E.  N.  Todhunter  1934  The  determination 
of  vitamin  A  values  by  a  method  of  single  feedings.  J.  Nutrition  8, 
347-356. 


Sherman,  H.  C.,  and  H.  Y.  Trupp  1949  Further  experiments 
with  vitamin  A  in  relation  to  aging  and  to  length  of  life.  Proc. 
National  Acad.  Sci.  35,  90-92;  Chem.  Abs.  43,  5096. 

Sherman,  H.  C.,  and  H.  Y.  Trupp  1949a  Long-term  experi¬ 
ments  at  or  near  the  optimal  level  of  intake  of  vitamin  A.  /. 
Nutrition  37,  467-474. 

Smith,  M.  C.  1930  A  quantitative  comparison  of  the  vitamin  A 
value  of  yellow  corn  and  the  grain  sorghums  hegari  and  yellow 
milo.  J.  Agr.  Research  40,  1147-1153. 

Smith,  M.  C.,  and  L.  Otis  1941  Carotene  analysis  of  vegetables 
and  fruits  as  a  basis  for  prediction  of  their  vitamin  A  value.  Food 
Research  6,  143-150. 

Steininger,  G.,  L.  J.  Roberts,  and  S.  Brenner  1939  Vitamin  A 

in  the  blood  of  normal  adults.  J.  Am.  Med.  Assoc.  113,  2381- 
2387. 

Steven  D,  and  G.  Wald  1941  Vitamin  A  deficiency:  A  field 
study  in  Newfoundland  and  Labrador.  J.  Nutrition  21,  461-476. 

AL19  351-3715  Car°tenoids  and  the  visual  cycle-  /•  Gen.  Physiol 

Wald,  G.,  H.  Jeghers  and  J.  Arminio  1938  An  experiment  in 
...  hu™n  dletary  nightblindness.  Am.  J.  Physiol.  123,  732-746 
Wald,  G  and  D.  Steven  1939  An  experiment  in  human  vitamin 
A  deficiency.  Proc.  National  Acad.  Sci.  25,  344-349 

AR induced  insert  b  ^  •  '948  Congenital  malformations 

induced  in  rats  by  maternal  vitamin  A  deficiency.  /.  Nutrition  35, 


Wn.HL,  D.  G.  1942  Diets  of  high  school  students  of  low 


income 


274 


ESSENTIALS  OF  NUTRITION 


families  in  New  York  City.  Milbank  Mem.  Fund  Quart  20 
61-82. 

Wolbach,  S.  B.,  and  O.  A.  Bessey  1941  Vitamin  A  deficiency 
and  the  nervous  system.  Arch.  Pathol.  32,  689-722;  Nutr.  Abs. 
Rev.  1 1,  543. 

Yarbrough,  M.  E.,  and  W.  J.  Dann  1941  Dark  adaptometer 
and  blood  vitamin  A  measurements  in  a  North  Carolina  nutrition 
survey.  J.  Nutrition  22,  597-607. 
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RICKETS  AND  THE 
VITAMINS  D 


Straight,  sturdy  bones  and  sound  teeth  are  among  the  most 
readily  apparent  and  appreciated  rewards  of  good  nutrition.  In  an 
earlier  chapter  we  have  discussed  the  importance  of  providing 
liberal  amounts  of  the  inorganic  elements  which  give  these  struc¬ 
tures  their  characteristic  strength  and  rigidity.  Here  we  shall  con¬ 
sider  the  role  of  a  group  of  organic  substances  known  as  the  vita¬ 
mins  D  in  assuring  efficient  utilization  of  the  dietary  calcium  and 
phosphorus,  in  particular  with  regard  to  the  development  of  normal 
bones.  The  teeth  are  given  special  consideration  in  Chapter  XVIII. 


Growth  of  Normal  Bone 

A  detailed  description  of  the  physiological  and  histological 
processes  of  bone  development  would  be  inappropriate  to  this  text. 
However,  the  relation  of  nutrition  to  these  structures  will  become 
clearer  if  there  is  some  understanding  of  the  principal  factors  con¬ 
cerned  in  the  formation  of  normal  bone.  Let  us  therefore  consider 
briefly  the  sequence  of  events  by  which  growth  of  a  typical  long 
bone  is  accomplished.  ^  8 

Jhe,"T  bodV  or  Shaft  of  a  long  bone  is  known  as  the  diabhysis 
■  epara  ed  from  the  shaft  in  young,  growing  individuals  by  a  region 
of  cartilage,  but  later  becoming  a  part  of  the  long  bone  is  a  smaller 
bone,  known  as  the  epiphysis  or  head.  Growth  takes  riace  Z  he 
continuous  formation  of  new  cartilage  cells  alonp-  th  ‘  u  •  1 

bgetilsNaralI,h  thdere  I8  Simultane°us  degeneration  of  ollTcard- 
invaded  by  !»„,  . . irom  T,“  Z.’T 
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(chiefly  of  calcium  and  phosphorus)  in  the  matrix  or  intercellular 
substance  of  the  degenerating  cartilage  cells,  forming  what  is  known 
as  the  zone  of  provisional  calcification.  Accompanying  the  blood 
vessels  are  cells  known  as  osteoblasts  (bone-formers)  which  sur¬ 
round  themselves  with  socalled  osteoid  tissue,  into  the  matrix  of 
which  inorganic  salts  are  laid  down  to  form  true  bone. 

All  of  the  factors  determining  the  deposition  of  bone  salt  are  not 
understood.  It  is  known  that  calcification  cannot  occur  unless  ade¬ 
quate  supplies  of  calcium  and  phosphorus  are  available.  But  it  is 
also  clear  that  growing  bone  must  have  some  special  property,  not 
shared  by  body  tissues  in  general,  by  virtue  of  which  precipitation 
of  “bone  salt”  from  blood  of  normal  calcium  and  phosphorus  con¬ 
tent  occurs  in  the  bones  but  not  in  other  tissues  of  the  body. 


The  Nature  of  Rickets 

Rickets  is  a  condition,  developing  principally  in  infants  and 
young  children,  in  which  the  mineral  metabolism  is  disturbed  in 
such  a  way  that  calcification  of  the  growing  bones  does  not  take 
place  normally.  In  the  majority  of  cases  the  failure^  of  the  bones  to 
calcify  appears  to  be  due,  not  to  any  initial  fault  ox  the  bone  itself, 
but  to  some  deficiency  in  the  blood:  for  rachitic  bones  placed  in 
normal  blood  serum  usually  begin  at  once  to  calcify;  and  a  sub¬ 
normal  concentration  in  the  blood  of  either  calcium  or  phosphoius 
(or  both)  is  generally  found  associated  with  rickets.  However,  Dr. 
Alfred  Hess,  one  of  the  foremost  authorities  on  the  disease,  observed 
indications  that  the  primary  deficit  in  certain  cases  of  rickets  con¬ 
cerned  a  local  factor  affecting  the  “anchorage”  of  the  available  cal¬ 
cium  and  phosphate  in  the  end  of  the  growing  bone. 

In  rickets,  the  proliferation  of  cartilage  cells  and  even  of  osteoid 
tissue  continues,  giving  rise  to  a  wide  band  of  epiphysial-diaphysial 
cartilage.  Calcification,  however,  fails  to  occur,  and  consequently 
no  zone  of  provisional  calcification  is  observed.  Since  these  prolifera¬ 
tive  tissues  do  not  become  properly  hardened  by  the  deposition  o 
bone  salts,  the  strain  of  bearing  the  body  weight  causes  enlargerne 
of  the  ends  of  the  bones.  This  gives  rise  to  the  familiar  enlarged 
joints  and  row  of  beadlike  swellings  at  the  rib  junctions  commonly 
called  the  “rachitic  rosary,”  which  are  among  the  prommen  d  n^ 
cal  sums  of  rickets.  As  the  disease  continues  there  may  be  lo.. 
already  deposited  mineral  salts  from  the  shaft,  with  consequent 
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further  weakening  of  the  bones.  “Knock-knees”  or  “bow-legs”  com¬ 
monly  develop  as  the  result  of  such  weakness,  and,  for  mechanical 
reasons,  are  apt  to  be  especially  severe  in  the  heavy,  otherwise  well 
nourished,  infant  and  in  the  child  who  begins  to  stand  at  an  unusu¬ 
ally  early  age. 

Although  rickets  itself  is  seldom  fatal,  it  may  result  in  permanent 
deformities,  which,  besides  their  sometimes  tragic  effects  upon  the 
appearance  and  happiness  of  the  individual,  are  often  responsible 
for  grave  physical  misfortunes.  Thus,  malformations  of  the  pelvis 
as  the  result  of  rickets  in  early  life  may  persist  into  adulthood  and 
cause  injury  at  the  time  of  childbirth  to  mother  or  child  or  both. 
In  the  opinion  of  Hess,  these  “constitute  the  foremost  burden  of 
rickets  on  the  community.”  There  are  also  indications  of  a  height¬ 
ened  susceptibility  to  respiratory  disease  in  severe  rickets. 


Discovery  of  the  Antirachitic  Factor 

It  has  already  been  pointed  out  that  the  immediate  cause  of 
most  cases  of  rickets  appears  to  lie  in  a  subnormal  concentration  of 
calcium  ions  or  phosphate  ions  in  the  blood.  Sometimes  this  low 
concentration  may  be  traced  to  an  inadequate  mineral  content  of 
the  diet.  But,  since  mild  rickets  sometimes  develops  in  infants  fed 
almost  exclusively  on  milk  and  thus  liberally  supplied  with  calcium 
and  phosphorus,  it  is  evident  that  the  explanation  of  such  cases 
must  be  sought  in  some  further  factor  or  factors  controlling  the  utili- 
zatwn  of  these  elements.  This  aspect,  which  has  figured  promi- 

now  bemconsidere7  *  ^  C‘inkaI  ““  CXPerim“tal  rickets,  may 

Many  investigators  had  noticed  the  prevalence  of  rickets  among 
ch.  dren  hvmg  in  dark,  crowded  quarters,  and  the  greater  incident 

&WS  stjss  rrr^ 

it  was  commonly  called  in  that  day  )  *  E ^  “ 

acc^p^nt"  mij^alf^M;'  SUnHf did  n0t  reCd-  ^neral 
felt  rather  that  odier  hygL* faToTw  Stl'deWS  °f  ^  Pmbhm 
the  dark,  unsanitary  nuJrteTwhere  t-"'  P™™17  at  faU,t  in 
*  Mozoiowski,  w.  1939  T  ,  .  .  nckets  was  so  prevalent.  In 

rickets.  Nature  143,  121  '  JC  rZCJ  Sniadecki  (1768-1838)  on  the  cure  of 
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1890,  however,  Palm,  an  English  physician  who  had  practiced  for 
some  years  in  Japan,  published  the  results  of  his  correspondence 
with  medical  missionaries  throughout  the  world  to  whom  he  had 
addressed  queries  regarding  the  occurrence  or  absence  of  rickets  in 
their  territory,  the  habits  of  the  people,  and  the  climatic  and  sani¬ 
tary  conditions.  This  remarkable  survey  revealed  the  complete 
absence  of  the  disease  in  certain  sections  of  the  world  where  sun¬ 
light  was  abundant  but  where  food  and  general  hygienic  conditions 
were  extremely  bad;  and  led  Palm  to  the  conclusion  that  the  main 
etiological  factor  in  rickets  is  a  lack  of  sunlight. 

About  the  time  of  the  First  World  War,  pediatricians  discovered 
that,  besides  direct  sunlight,  artificial  sources  of  ultraviolet  light 
such  as  the  mercury-vapor  quartz  lamp  were  effective  for  the  cure 
of  rickets  in  infants  exposed  to  them  under  suitable  conditions. 

At  just  about  the  same  time,  studies  on  experimental  rickets  were 
lending  support  to  the  theory  that  a  dietary  factor  was  involved 
in  the  prevention  and  cure  of  this  disease.  Dr.  (now  Sir)  Edward 
Mellanby  observed  the  development  of  rachitic  symptoms  in  pup¬ 
pies  on  a  restricted  diet,  and  showed  that  codliver  oil  was  very 
effective,  whereas  lard  was  entirely  ineffective,  in  preventing  these 
abnormalities  of  the  bones.  Various  investigators  in  this  country 
induced  rickets  in  rats  by  feeding  diets  of  severely  imbalanced 
mineral  content,  and  showed  that  this  experimental  disease  also 
could  be  largely  prevented  or  cured  by  codliver  oil.  It  was  soon 
made  evident  that  the  fat-soluble  dietary  factor  or  vitamin  here 
involved  was  different  from  that  already  recognized  as  related  to 
growth  and  to  the  prevention  of  eye-symptoms;  for,  as  shown  by 
McCollum,  even  after  this  latter  factor  (vitamin  A)  had  been  de¬ 
stroyed  by  bubbling  oxygen  through  hot  codliver  oil,  the  oil  retained 
its  antirachitic  properties.  The  term  “vitamin  D”  was,  therefore, 


adopted  for  the  antirachitic  factor. 

The  reconciliation  of  these  two  seemingly  divergent  views  as  to 
the  rickets-preventing  agent  followed  the  discovery  in  1924,  in- 
dependently  by  Hess  and  by  Steenbock,  that  exposure  of  many 
food  materials  to  ultraviolet  light  endows  them  with  the  nutr 
tional  properties  attributed  to  vitamin  D.  To  the  substance  o"gm^ 
present  in  the  food  which  the  ultraviolet  rays  activate,  the  name 
provitamin  D  was  given.  Further  experimentation  showed  that  , 
or  a  similar  substance  occurs  in  the  sebaceous  secretion  of  the  kin 
and  that  when  the  skin  is  exposed  to  direct  sunlight  or  other  sourc 
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of  ultraviolet  light  this  provitamin  D,  just  as  that  in  food  materials, 
is  transformed  into  vitamin  D,  which  is  in  turn  absorbed  through 
the  skin  and  distributed  throughout  the  body,  where  it  functions 
in  exactly  the  same  way  as  if  it  had  been  taken  by  mouth  in  fish 
liver  oils  or  irradiated  foods.  Thus,  the  sunlight  and  the  vitamin 
effects  in  rickets  are  but  different  aspects  of  the  same  phenomenon. 

The  statistics  of  rickets  in  Chicago  which  are  cited  in  Rose’s  Feed¬ 
ing  the  Family,  Fourth  Edition  (1940,  page  170),  illustrate  the  ex¬ 
tent  to  which  this  branch  of  the  newer  knowledge  of  nutrition  has 
solved  its  problem,  and  also  give  reassurance  as  to  the  mildness  of 
most  of  the  rickets  recently  diagnosed.  In  the  Chicago  examinations 
of  pre-school  children  during  the  years  1926  to  1932,  from  21  to  16 
per  cent  revealed  evidence  of  rickets,  but  in  1933  only  13.7  per 
cent  of  the  newly  examined  children  showed  signs  of  rickets,  and 
in  1935  only  7.1  per  cent  showed  any  indications  and  only  0.03  of 
one  per  cent  showed  severe  rickets.  Thus  the  incidence  of  such 
rickets  as  is  to  be  regarded  as  really  a  disease  in  the  usual  sense  of 
the  word  has  been  reduced  to  three  cases  per  ten  thousand  children. 

Park  and  associates  (Follis,  et  al.,  1943)  found  histologic  evidence 
of  rickets  in  almost  half  of  the  children  2  to  14  years  old  whom  they 
examined  at  autopsy,  although  only  a  few  would  have  been  judged 
rachitic  by  X-ray  examination.  Since  these  authors  state  that:  We 
doubt  if  (such)  slight  degrees  of  rickets  .  .  .  interfere  with  health 
and  development”;  and  further,  since  the  possibility  remains  that 
the  rickets  may  have  developed  during  the  terminal  illness,  these 
findings  need  not  be  regarded  as  alarming  or  as  contradictory  to 
the  optimistic  view  just  presented.  Yet  they  do,  as  the  authors  con¬ 
clude,  “afford  reason  to  prolong  administration  of  vitamin  D  to  the 
age  limit  of  our  study,  the  fourteenth  year,  and  especially  indicate 
the  necessity  to  suspect,  and  to  take ^  the  necessary  measures  to 

guard  against,  rickets  in  sick  children. 

Figure  33  shows  X-ray  photographs  of  the  wrist  of  the  same  girl: 
(a)  with  active  rickets  of  a  degree  now  classified  as  “severe 
(though  not  of  such  deforming  severity  as  was  common  a  genera¬ 
tion  ago) ;  (b)  when  the  rickets  was  healing;  and  (c)  when  it  was 

healed. 

Nature  and  Multiplicity  of  the  Vitamins  D 

It  is  now  well  established  that  there  are  several  vitamins  D,  two  of 
which  are  important. 
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The  provitamins  which  are  converted  to  vitamins  D  by  the  action 
of  ultraviolet  light  belong  to  the  group  of  substances  known  as 
sterols,  of  which  brief  mention  was  made  in  Chapter  II.  Neither  of 
the  sterols  occurring  naturally  in  greatest  abundance,  cholestet  ol, 
found  in  animal  fats,  and  sitosterol,  in  higher  plants,  is  of  signifi¬ 
cance  as  a  precursor  of  vitamin  D.  But  present  in  small  amounts 
along  with  these  are  other,  more  highly  reactive,  sterols,  notably 
7 -dehydrocholesterol*  in  animal  fats  and  ergosterol  in  both  higher 
and  lower  plants,  which  are  changed  on  exposure  to  light  of  suitable 
wave-length  into  potent  antirachitic  substances,  designated,  respec¬ 
tively,  as  vitamin  Da  and  vitamin  Di  (or  calciferol).  These  two 
products  appear  to  be  the  forms  of  vitamin  D  of  greatest  importance 
in  antirachitic  foods  and  medicines,  but  a  dozen  or  so  chemical  sub¬ 
stances  have  been  shown  to  have  the  calcification-promoting  prop¬ 
erties  ascribed  to  “vitamin  D.” 

Vitamin  D3  (activated  7-dehydrocholesterol)  is  the  most  promi¬ 
nent  form  of  antirachitic  vitamin  in  fish  liver  oils,  irradiated  milk, 
and  irradiated  animal  products  generally,  and  is  believed  to  be  the 
D-vitamin  developed  in  the  skin  on  exposure  to  ultraviolet  light; 
whereas  vitamin  D2  (activated  ergosterol,  calciferol)  is  the  form 
widely  used  medicinally  in  preparations  such  as  “viosterol,”  and  is 
present  also  in  irradiated  yeast,  in  the  milk  of  cows  fed  irradiated 
yeast  (sometimes  called  “metabolized”  vitamin  D  milk  to  distin¬ 
guish  it  from  milks  fortified  with  this  factor  in  other  ways),  and 
in  minor  proportions  in  certain  fish  oils.  Eggs  may  contain  pre¬ 
dominantly  either  vitamin  Da  or  vitamin  D3,  depending  on  the 
feeding  of  the  hen,  but  present  trends  in  poultry  husbandry  are 
such  as  to  increase  the  likelihood  that  vitamin  D3  will  be  the  chief 
form  present. 


Nutritional  Role  of  Vitamin  D 

As  already  indicated,  vitamin  D  (if  for  convenience  we  may  con¬ 
tinue  to  speak  in  the  singular  in  dealing  with  this  factor)  came  to 

be  known  and  has  been  studied  largely  through  its  involvement  in 
the  rickets  problem. 

R'ckets  (rachitis)  is  a  medical  term  which  does  not  always  have 
exactly  the  same  meaning  in  medical  literature.  Pathologists  have 

what  technica?ch^icarnameSdare  hereghen  inT/'texf  ‘‘  T 

onaed.  They  may  be  found  useful  for  reference  in  fuXrTeadinT  "0t  m'm' 
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until  recently  tended  to  follow  Schmorl  in  defining  rickets  in  terms 
of  the  histology  of  the  growing  ends  of  the  bones,  while  pediatri¬ 
cians  have  more  largely  followed  Park  in  defining  rickets  as  a  condi¬ 
tion  of  retardation  (or  suspension)  of  the  normal  calcification  of  the 
developing  bone. 

As  explained  earlier  in  the  chapter,  the  normal  calcification 
ossification)  of  the  developing  bone  is  essentially  a  building  into 
the  cartilaginous  bone  matrix  of  the  crystalline  bone  mineral  for 
which  the  chief  ingredients  are  the  calcium  and  the  phosphate 
brought  by  the  blood. 


Fig.  34.  Effects  of  very  severe  low-calcium  rickets  in  contrast  with  normal 
twin  brother.  (Courtesy  of  the  “Journal  of  Biological  Chemistry.”) 


When  the  normal  calcification  of  the  growing  and  developing 
bone  is  retarded,  an  analysis  of  the  blood  quite  regularly  shows  a 
subnormal  concentration  of  calcium  (calcium  ion),  or  of  phos¬ 
phorus  (phosphate),  or  both.  It  is  logical  to  suppose  that  this  sub¬ 
normal  supply  of  ingredients  brought  by  the  blood  is  in  some  sense 
a  cause  of  the  retardation  of  the  calcification  (ossification)  process, 
although,  as  already  mentioned,  there  may  also  (or  in  some  cases) 
be  a  more  “local”  and  less  well  defined  factor  involved. 

This  point  of  view  recognizes  both  a  low-calcium  and  a  low- 
phosphorus  type  of  rickets.  Results  of  extreme  (experimental)  cases 
of  low-calcium  rickets  are  shown  in  Figs.  34  and  35.  But  only  the 
low-phosphorus  type  shows  the  particular  histology  described  in 
the  classical  work  of  Schmorl ;  so  some  writers  have  designated  only 
the  low-phosphorus  type  as  true  rickets. 
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How  the  subnormal  concentration  of  calcium  or  phosphate  ion  in 
the  blood  comes  about  is  not  always  clear.  Such  a  shortage  in  the 
blood  can  sometimes  but  not  always  be  attributable  to  a  correspond¬ 
ing  shortage  in  the  food.  More  often,  probably,  it  is  attributable  to 
a  low  “net  absorption”  of  these  elements:  either  too  little  getting  in 
through  the  intestinal  wall  or  too  much  passing  out  through  the 
kidneys. 

Vitamin  D,  whether  taken  as  such  or  formed  in  the  skin  by  ir¬ 
radiation  with  light  of  certain  wave  lengths  (in  the  ultraviolet), 
tends  to  restore  to  normal  the  calcium  or  the  phosphorus  content 


Fig.  35.  Effects  of  very  severe  low-calcium  rickets  in  contrast  with  a  normal 
first  cousin.  Here  with  a  dietary  less  drastically  deficient,  there  appeared  in 
the  second  generation  the  same  skeletal  difference  as  developed  in  the  first 
generation  in  the  case  shown  in  Fig.  34. 


of  the  blood,  and  the  rate  of  calcification.  As  summarized  in  Nutri- 
lion  Reviews  for  February,  1947,  a  present  view  is  that  “the  action 
of  vitamin  D  is  to  increase  the  ‘net  absorption’  of  the  calcium  and 
phosphate  of  the  food,  and  is  exerted  in  two  ways. -Directly  the 
vitamin  D  increases  the  permeability  of  the  intestinal  mucosa  to 
calcium  salts  while  leaving  unchanged  the  permeability  of  other 

mi'ent^T*'  increased  serum  calcium  and  conse- 

„!  w  ,a  a31Vlty  0f  the  parathyroid,  therebv  decreas- 

apnets  toe  “Cret,°n  °f  PhosPhate  by  the  kidney.  Vitamin  D  also 
appear  to  exert  some  direct  effect  on  the  calcification  of  growing 

bone ,  if  large  amounts  of  calcium  and  phosphate  are  supplied  to  the 
young  rachitic  anima!  by  injection,  then  bone  of  nor3  den  it)  i 
laid  down,  but  its  histological  structure  is  abnormal.”  Y 
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7  hat  so  many  of  the  mild  cases  of  clinical  rickets  are  of  the  low- 
phosphorus  type  is  largely  if  not  mainly  attributable  to  the  fact  that 
during  the  age-range  in  w  hich  rickets  is  most  common  there  is  a 
rapid  growth  of  muscle  and  thus  the  baby’s  developing  bones  and 
muscles  are  competing  for  the  phosphorus  which  the  blood  brings. 
To  keep  in  mind  the  fact  that  a  large  proportion  of  the  cases  of  the 
condition  which  we  call  by  a  pathological  name  (rickets  or  rachitis) 
may  with  at  least  as  much  reason  be  viewed  as  a  matter  of  the  rela¬ 
tive  rates  at  which  two  normal  processes  are  proceeding,  may  serve 
greatly  to  clarify  one’s  scientific  view  of  the  situation. 

Severe  rickets,  while  not  fatal,  may  be  a  disease  of  tragic  conse¬ 
quences;  but  at  the  other  end  of  the  scale  (confusingly  still  called 
by  the  same  name)  are  the  “clinical  signs”  which  Park  says  are 
“notoriously  deceiving  and  cannot  be  relied  on”  because  in  fact  they 
are  merely  the  signs  that  one  physiological  aspect  of  development  is 
making  slightly  more  rapid  progress  than  another. 

Perhaps  the  most  helpful  view  is  that  presented  by  Jeans  and 
Steams  in  the  1938  meeting  of  the  American  Institute  of  Nutrition, 
namely,  that  children  difTer  in  the  efficiency  with  which  they  as¬ 
similate  the  bone-building  elements  from  their  food,  and  that  vita¬ 
min  D  in  some  ways  helps  to  improve  the  cases  of  low  efficiency. 

These  investigators  also  emphasize  the  fact  that  even  at  levels 
above  that  of  rickets  prevention  additional  vitamin  D  may  improve 
the  rate  of  growth  and  development.  This  has  also  been  found  in 
controlled  experiments  with  laboratory  animals  (Sherman  and 
Stiebeling,  listed  in  Suggested  Readings). 

Jeans  and  Stearns,  in  discussing  their  findings  that  amounts  of 
vitamin  D  over  and  above  those  required  to  prevent  rickets  may 
have  a  further  beneficial  effect  upon  the  retention  of  calcium  and 
the  linear  growth  of  the  bones,  point  out  that  this  effect  may  not 
be  noted  in  each  individual  but  becomes  evident  when  large  groups 
are  observed.  Thus,  studies  of  calcium  retention  in  infants  given  no 
additional  vitamin  D  showed  marked  variability  in  calcium  reten¬ 
tion  with  a  low  average.  When  amounts  of  vitamin  D  up  to  that 
supposed  to  be  sufficient  to  prevent  rickets  were  given,  the  number 
of  low  retentions  decreased,  raising  the  average  retention  of  the 
group.  A  further  and  significantly  greater  increase  in  average  reten¬ 
tion  was  obtained  (again  by  raising  the  lower  limit  of  the  retention 
range)  when  two  to  three  times  as  much  vitamin  D  was  given  as 
is  required  to  prevent  rickets.  In  somewhat  older  children,  past  the 
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afve  where  rickets  is  most  apt  to  occur,  Jeans  and  Stearns  found  that 
some  showed  efficient  utilization  and  others  poor  utilization  of  the 
calcium  of  milk  when  no  added  vitamin  D  was  given ;  and  that  sup¬ 
plying  vitamin  D  tended  to  improve  the  calcium  utilization  by  the 
latter  group,  whereas  it  had  little  effect  on  the  former.  With  adoles¬ 
cence,  however,  the  need  for  vitamin  D  became  “as  universal  and  as 
great  as  in  infancy.”  Indeed,  Johnston  (1948)  holds  that,  during 
the  period  of  rapid  growth  just  before  puberty,  the  need  for  vitamin 
D  is  probably  twice  as  great  as  at  any  other  time  in  life,  except  per¬ 
haps  during  the  middle  of  the  first  year. 


Measurement  and  Expression  of  Vitamin  D  Values 

At  the  time  this  is  written,  the  International  Standard  for  vita¬ 
min  D  is  a  crystalline  preparation  of  vitamin  D-;  and  the  Interna¬ 
tional  unit  of  antirachitic  activity  is  defined  as  that  exhibited  b\r 
0.025  micrograms  of  this  Standard  material.  The  United  States 
Pharmacopeia  Standard  has  been  a  codliver  oil  preparation;  but 
there  is  much  sentiment  in  favor  of  replacing  this  with  a  crystal¬ 
line  product,  preferably  vitamin  D3. 

Though  chemical  methods  are  now  being  worked  out,  principal 
reliance  for  the  determination  of  vitamin  D  value  still  rests  on  tests 
with  living  things,  prepared,  fed,  and  examined  in  standardized 
ways.  Since  both  types  of  method  are  undergoing  development, 
those  interested  should  consult  the  current  Pharmacopeia  and  the 
current  volume  of  the  methods  of  the  Association  of  Official  Agri¬ 
cultural  Chemists. 


Sources 

Irradiation.— Herodotus  wrote  that  sunshine  is  a  potent  factor  in 
skeletal  development;  and  an  ancient  Roman  medical  aphorism 
calls  the  Sun  the  greatest  of  physicians.  But  the  importance  of  sun¬ 
shine  had  to  be  rediscovered  by  Sniadecki  in  1822  (as  noted  above) 
and  again  by  Huldschinsky  in  1919.  When  in  1924  it  was  found  that 
natural  foods,  and  (soon  after)  that  certain  sterols  specifically,  can 

antl,rachltlc  b>'  irradiation,  there  rapidly  developed  a 
high  enthusiasm  for  irradiated  foods,  and  for  irradiated  ergosterol  as 
a  speefie  against  rickets.  But  since  (as  explained  early  in 'this  chap- 

rrnH  1  T"  foUnd,that  the  antirachitic  substance  produced  by 
irradiation  of  ergosterol,  or  other  plant  sterol,  is  not  the  same  as  the 
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natural  vitamin  D  produced  by  irradiation  of  our  skins,  there  has 
been  some  shifting  back  of  emphasis  from  the  irradiation  of  our 
foods  to  the  irradiation  of  our  bodies  with  direct  sunshine  contain¬ 
ing  its  natural  proportion  of  ultraviolet  rays  or  with  its  carefully- 
determined  equivalent.  The  amount  of  vitamin  D  which  may  be 
formed  in  the  body  varies  widely  with  such  factors  as  affect  the 
amount  of  active  radiation  that  reaches  the  provitamin  D  in  the 
skin.  Sunshine  is  richest  in  actinic  rays  at  times  of  year  when,  and 
in  latitudes  where,  the  sun  is  most  directly  overhead.  But  much  of 
this  radiation  may  fail  to  reach  persons  living  in  smoke-palled  areas, 
or  in  cities  where  crowded  high  buildings  cut  off  much  of  the  sun¬ 
light;  and  not  all  of  the  active  rays  can  penetrate  effectively  the 
deeply  pigmented  skin  layers  of  certain  people.  The  benefit  obtain¬ 
able  depends  also  directly  on  the  amount  of  skin  surface  exposed, 
and  thus  varies  both  with  the  atmospheric  temperature  and  with 
the  habits  of  dress  of  the  individual.  Ordinary  window  glass  stops 
most  of  the  ultraviolet  rays;  but  special  glass  which  transmits  them 
is  now  made,  and  is  used  in  the  construction  of  lamps  which  yield  an 
indoor  equivalent  of  “June  sunshine”  (i.e.,  of  the  brighest  natural 
sunshine,  at  ordinary-  altitudes,  of  our  temperate  zone). 

The  same  rays  which  produce  vitamin  D  in  the  skin  also  increase 
the  circulation,  thus  bringing  a  fresh  supply  of  the  precursor  into 
the  skin-layers  where  the  transformation  is  taking  place,  and  carry¬ 
ing  the  new-formed  vitamin  D  promptly  away  from  any  danger  of 
over-irradiation  and  into  the  service  of  the  body  as  a  whole,  and 
particularly  of  the  bones  and  teeth. 

Fish  oils. — Codliver  oil  is  outstanding  in  that  it  has  been  used  as 
a  remedy  for  rickets  since  the  middle  ages  and  is  still  universally 
prominent  as  a  nutritional  source  of  vitamin  D.  Liver  oils  from 
fish  of  the  order  Percomorphi  (of  which  the  blue  fin  tuna  is  a 
prominent  member)  are  much  richer  in  vitamin  D,  one  of  them 
having  a  reported  concentration  four  hundred  times  that  of  ordi¬ 
nary  grade  codliver  oil.  As  they  are  also  very  rich  in  vitamin  A, 
such  oils,  available  commercially  as  Percomorph  oil,  are  becoming 
widely  used.  There  are  many  persons  for  whom  the  fact  that  doses 
of  this  oil  are  measured  in  drops  while  those  of  codliver  oil  are 
measured  in  teaspoonfuls  proves  to  be  an  irresistible  advantage! 
Halibut  liver  oil,  which  is  far  richer  in  vitamin  A  than  codliver  oil, 
is  only  a  few  times  more  potent  in  vitamin  D.  For  this  reason,  hali¬ 
but  liver  oil  to  which  viosterol  has  been  added  is  frequently  used 
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where  it  is  desired  to  give  generous  doses  of  both  vitamins  with  a 


minimum  volume  of  fishy-tasting  oil. 

The  flesh  of  fish  which  contain  much  body  oil,  such  as  salmon, 
sardine,  and  herring,  is  a  fairly  rich  source  of  the  antirachitic 
vitamin. 

Eliot,  Nelson  and  coworkers  (see  Suggested  Readings)  have 
shown  that  an  enormous  potential  source  of  vitamin  D  exists  in 
the  fat  of  salmon  livers  together  with  that  of  such  other  edible  ma¬ 
terial  as  is  trimmed  off  in  preparing  the  standard-sized  sections  of 
salmon  for  canning.  This  mixture  of  liver  and  body  fat,  called  sal¬ 
mon  oil,  is  found  to  be  comparable  with  codliver  oil  in  vitamin  A, 
and  superior  to  codliver  oil  in  vitamin  D  content.  Thus  the  salmon 
canneries  of  the  Pacific  Coast  will  be  able  to  furnish,  as  soon  as 
consumers  will  take  it,  a  very  large  supply  of  an  oil  which  appears  to 
be  at  least  as  rich  a  vitamin-source  as  is  codliver  oil. 

Liver. — The  liver  appears  to  be  a  principal  site  of  storage  of 
vitamin  D  in  the  animals  commonly  slaughtered  for  food;  and  the 
consumption  of  calf,  beef,  lamb,  and  hog  liver  may  thus  be  expected 
to  contribute  to  the  body  supply  of  this  factor.  However,  the 
amounts  of  vitamin  D  in  liver  depend  upon  the  dietary  and  other 
management  of  the  animal,  and  may  vary  down  to  practically  zero. 

Hess  showed  in  1923  that  the  yolk  of  one  egg  contained 
enough  vitamin  D  to  serve  as  a  daily  allowance  for  the  prevention 
of  rickets  in  babies.  The  diet  of  the  hens  and  the  amount  of  ultra¬ 
violet  light  they  receive  both  influence  the  vitamin  D  content  of  the 
eggs  produced.  In  recent  years  the  practical  advantages  of  includ¬ 
ing  fish  liver  oils  or  other  sources  of  vitamin  D3  in  the^diet  of  laying 
hens  have  been  increasingly  realized  and  the  practice  has  unques¬ 
tionably  resulted  in  bringing  to  the  market  eggs  of  higher  average 

vitamin  D  value  than  those  which  proved  such  effective  antirachitics 
in  the  early  work  of  Hess. 


Milk  and  its  products:  “Vitamin  D  Milk.”— The  evidence  varies 
greatly  as  to  the  vitamin  D  content  of  the  fat  of  milk  produced  by 
cows  on  ordinary  rations.  Vitamin  D  Milk  is  the  term  generally  used 

Th’re  m"!!  Th  ,  haS  been  enriched  in  its  vitamin  D  lalue 
commembllv  niP  UCm?  SUCb  vitamin  D  mi>k  have  been  used 

naZlT 5L  tit^ln^rLt  "ft11  PUrifietC°nCentrate  °f 

or  D  •  (0\  •  A-  \  c  ’  lately’  of  Pure  crystalline  vitamin  D, 
or  d2,  ( l )  irradiation  of  the  milk-  m  ,  U 
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producible,  high  potency,  and  is  increasingly  preferred  to  the  other 
two. 

The  practice  of  enriching  milk  with  vitamin  D  is  regarded  with 
favor  by  most  physicians  and  health  commissioners,  and  has  been 
given  preferential  endorsement  by  the  Council  on  Foods  of  the 
American  Medical  Association  in  the  following  terms:  “Of  all  the 
common  foods  available,  milk  is  most  suitable  as  a  carrier  of  added 
vitamin  D.  Vitamin  D  is  concerned  with  the  utilization  of  calcium 
and  phosphorus,  of  which  milk  is  an  excellent  source.  The  Council 
has  recently  made  the  decision  that  for  the  present  milk  is  the  only 
common  food  which  will  be  considered  for  acceptance  when  forti¬ 
fied  with  vitamin  D.” 

“Vitamin  D  milk”  is  on  regular  delivery  along  with  other  fresh 
milk  in  many  localities;  and  also  a  considerable  part  of  the  canned 
milk  now  offered  in  the  retail  market  has  had  its  vitamin  D  content 
enriched.  In  many  cases,  the  vitamin  D  value  is  adjusted  to  400 
units  per  quart  (of  fresh  bottled  or  reconstituted  evaporated  milk) 
so  that  the  growing  child  who  drinks  his  “quart  of  milk  a  day”  is 
automatically  assured  the  recommended  intake  of  vitamin  D. 

An  influential  proportion  of  (though  not  all)  pediatricians  prefer 
vitamin  D3  to  vitamin  Di,  and  also  consider  that  vitamin  D  is  best 
assimilated  when  consumed  dispersed  in  milk. 


Storage  and  Transfer 

The  body  is  able,  when  supplied  with  abundant  vitamin  D,  to 
build  up  large  reserve  stores  of  this  factor,  which  may  be  drawn 
upon  in  later  time  of  need.  Some  pediatricians  have  indeed  advo¬ 
cated  the  administration  of  large  doses  under  medical  supervision 
two  or  three  times  a  year,  instead  of  relying  on  the  mother  s  day-to- 
day  dosage  with  fish  oil  or  other  preparation.  Others  tend  to  regard 
this  as  unnecessary  in  view  of  the  educational  campaign  of  the  past 
two  decades  which  has  so  successfully  reduced  the  incidence  of 
rickets;  and  as  possibly  undesirable  in  seeming  to  relegate  vitamin 
D  to  the  role  of  a  medicinal  agent  rather  than  a  normal  nutrient. 

It  was  shown  many  years  ago  with  experimental  animals  that 
the  maternal  organism  shares  its  vitamin  D  with  the  offspring  both 
before  birth  and  later  through  the  milk.  A  liberal  intake  of  vitamin 
D  during  pregnancy  and  lactation  thus  serves  the  double  purpose  o 
giving  the  baby  a  body  store  of  the  vitamin  and  of  assisting  t  e 
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mother  to  use  her  dietary  calcium  and  phosphorus  efficiently  to 
meet  the  extraordinarily  heavy  demands  of  these  periods. 


Requirements 


It  follows  from  what  has  been  said  that  the  proportion  of  the 
total  vitamin  D  required  in  metabolism  which  must  be  provided  by 
the  diet  may  vary  enormously  from  individual  to  individual,  de¬ 
pending  on  the  opportunity  which  each  has  for  synthesis  of  this 
factor  in  his  body  by  irradiation. 

Vigorous  adults,  leading  a  normal  life,  are  thought  to  require  little 
if  any  supplemental  vitamin  D,  and  no  dietary  allowance  is  made 
for  them  in  the  National  Research  Council  recommendations.  It 
is,  however,  suggested  that:  “for  persons  working  at  night  and  for 
nuns  and  others  whose  habits  shield  them  from  sunlight,  as  well  as 
for  elderly  persons,  the  ingestion  of  small  amounts  of  vitamin  D  is 
desirable.” 


For  women  in  the  latter  half  of  pregnancy  and  for  nursing 
mothers,  supplemental  vitamin  D  is  recommended,  400  units 
being  regarded  as  “most  likely  adequate  ...  on  the  basis  of 
available  evidence.” 

The  newer  view  that,  in  addition  to  infants,  most  growing 
children  and  all  adolescents  require  liberal  amounts  to  achieve  satis¬ 
factory  calcium  retention  is  reflected  by  the  extension  to  all  age 
groups  below  adulthood  of  the  recommendation  that  this  be  in¬ 
sured  by  supplying  400  units  daily  in  the  diet.  The  discussion  ac¬ 
companying  the  Recommended  Allowances  implies  that  enough 
Mtamin  D  to  promote  maximal  calcium  retention  is  the  objective- 
and  states  that  300  to  400  units  per  day  have  been  shown  to  be 
ample  for  most  infants;  while  the  actual  requirement  at  later  aims 
has  not  been  determined  as  accurately.  “It  is  known,  however,  that 
00  units  daily  is  ample  for  good  calcium  retention  in  children  when 
the  milk  intake  is  appropriate.  ...  The  total  (dailv)  amount  re- 
qmred  in  adolescence  probably  is  no  greater  than  in  infancy.”  It  is 

KSK  5 

could  as  yet  represent  a  complete  consensus  of  opinion.  For  vitamin 
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D  is  formed  in  the  body  in  widely  variable  amounts  depending  on 
the  duration  and  effectiveness  of  the  irradiation  to  which  the  skin  is 
subjected.  Then,  too,  the  different  molecular  forms  in  foods  and 
medicinal  sources  may  vary  (and,  if  so,  to  an  extent  not  yet  defi¬ 
nitely  measured)  in  their  efficacy  in  human  nutrition,  and  even  the 
same  chemical  form  may  have  different  efficacy  according  to  the 
medium  in  which  it  is  taken.  There  are  also  differences  of  view  as 
to  the  extent  to  which  the  amount  required  for  optimal  growth 
exceeds  the  amount  required  for  the  prevention  of  rickets;  and  it 
seems  certain  that  under  the  same  conditions  some  children  need 
more  than  others. 


EXERCISES:  for  instructors  and  students  jointly 

1.  Induce  rickets  in  rats  by  means  of  the  Steenbock  rickets-pro¬ 
ducing  diet  described  in  the  current  United  States  Pharmacopeia;  or 
that  of  Zucker  and  coworkers  in  the  paper  listed  among  the  Suggested 
Readings  below.  Arrange,  if  possible,  for  x-ray  photographs.  Other¬ 
wise,  begin  the  experiment  while  the  rats  are  small  and  see  whether 
the  rickets  become  obvious  to  naked-eye  examination,  either  of  the 
live  rat  or  of  its  skeleton. 

2.  Induce  low-calcium  rickets  by  diet  of  low-calcium  foods  with¬ 
out  provision  for  vitamin  D  either  as  such  or  as  light.  Save  the 
skeletons  of  such  rachitic  rats  as  a  permanent  exhibit. 

3.  Examine  the  literature:  ( a )  for  evidence  as  to  the  relative  values 
of  vitamins  IT  and  D,  for  children;  {b)  for  advances  in  knowledge  of 
any  of  the  other  vitamins  D. 

4.  Compile  and  discuss  current  estimates  of  the  vitamin  D  require¬ 
ments  of  human  nutrition. 
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XVII 


OTHER  FAT-SOLUBLE 
VITAMINS 


Vitamin  E 

Although  vitamin  E  is  one  of  the  longer-known  vitamins,  its 
existence  having  been  recognized  in  the  early  1920’s,  it  is  still  not 
possible  to  define  clearly  the  role  of  this  factor  in  human  nutrition; 
and  for  this  reason  a  brief  treatment  only  of  it  is  appropriate  to  this 
book. 

At  least  four  chemically  identified  naturally  occurring  substances 
(known,  respectively,  as  alpha-tocopherol,  beta-tocopherol,  gam¬ 
ma-tocopherol,  and  delta-tocopherol),  as  well  as  a  number  of 
related  synthetic  compounds,  possess  the  activity  ascribed  to  vita¬ 
min  E. 

The  vitamins  E  are  fat-soluble  materials,  found  along  with  the 
fats  in  grains,  vegetables,  meat,  milk,  and  butter,  and  doubtless 
occurring  very  widely  among  food  materials  of  both  plant  and 
animal  origin  which  have  not  been  artificially  refined.  Toward 
heating  and  manv  other  adverse  influences,  the  vitamins  E  are 
among  the  most  stable  of  the  known  vitamins.  But  treatments  which 
cause  the  fat  with  which  vitamin  E  is  associated  to  become  rancid 
result  in  rapid  loss  of  this  factor.  An  outstanding  chemical  property 
of  vitamin  E  is  its  antioxidant  action,  which  tends  to  “protect”  or 
“stabilize”  unsaturated  fats  (and  certain  other  oxidizable  sub¬ 
stances)  not  only  in  food  sources  but  also,  to  some  extent,  within 

thDefi dency  of  vitamin  E  in  rats  manifests  itself  characteristically 
bv  reproductive  failure  in  both  sexes.  In  the  deficient  female, 
oestrus,  ovulation,  and  impregnation  of  the  ovum  occur  normally, 
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but  the  fetus  dies  and  is  resorbed  before  maturity  is  reached.  Treat¬ 
ment  with  vitamin  E  restores  the  ability  of  the  female  rat  to  bear 
normal  young.  In  the  male  rat,  on  the  other  hand,  deficiency  of  the 
vitamin  may  cause  apparently  irreparable  degeneration  of  the 
germinal  epithelium,  with  resulting  complete  and  permanent 
sterility. 

The  effects  of  a  lack  of  vitamin  E  are  not,  however,  limited  to 
the  reproductive  organs.  The  symptoms  most  prominent  vary  from 
species  to  species,  and  with  the  age  of  the  individual,  but  in  one  or 
another  species  may  include  failure  of  growth,  muscular  dystrophy, 
injury  to  the  central  nervous  system,  interference  with  normal  heart 
action,  and  possible  endocrine  disturbances. 

Whether  the  counterpart  of  any  of  these  conditions  occurs  in 
human  beings  is  still  controversial.  The  Council  on  Pharmacy  and 
Chemistry  of  the  American  Medical  Association,  referring  to  re¬ 
ports  of  successful  treatment  of  human  reproductive  disorders  with 
vitamin  E,  has  warned  against  regarding  the  value  of  vitamin  E 
for  man  as  fully  established;  and  the  Association  has  also  empha¬ 
sized  the  need  for  controlled  clinical  tests  of  the  value  of  vitamin  E 
in  heart  disease. 

Dr.  Pappenheimer  emphasizes  chiefly  the  importance  of  vitamin 
E  to  the  muscles.  Nutrition  Reviews  classifies  it  as  a  physiological 
antioxidant  and  warns  against  “the  futility  of  supplying  large 
amounts  of  vitamin  E  to  aid  in  the  recovery  of  muscle  and  nerve 
from  lesions  other  than  those  actually  arising  from  vitamin  E  de¬ 
ficiency.  ’  Vitamin  E  has  also  been  called  an  oxidation-reduction 
catalyst. 


Harris  (1949)  has  presented  an  excellent  full  review  of  recent 
s  Udles  on  vitamin  E  both  with  experimental  animals  and  clinical 

tion  hereWh'Ch  ™C  "deS  much  work  stiU  t0°  controversial  for  men- 

In  any  case  vitamin  E  is  so  widely  distributed  ament;  different 
ypes  of  food  that  there  should  be  little  likelihood  of  its  being  a 
limiting  factor  in  human  beings.  Consequently,  it  seems  unnefes 

••  •*  -■ 

preparation^  “  ^  aCtivhy  °f  1  “^atTofThe  standard 
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Vitamin  K 


Vitamin  K  (“Koagulations-Vitamin”)  was  so  named  by  the 
Danish  workers  Dam  and  Schonheyder  to  connote  its  relation  to  the 
coagulability  of  the  blood,  through  which  they  had  discovered  its 
existence.  When  insufficient  vitamin  K  is  available  there  ensues  a 
decrease  in  the  blood  concentration  of  prothrombin,  one  of  the 
constituents  necessary  to  the  clotting  process,*  with  resultant  length¬ 
ening  of  the  time  required  for  coagulation.  This  condition  of  hypo- 
prothrombinemia  occurs  quite  frequently  in  human  beings  who 
have  disturbances  of  the  bile  tract.  In  those  cases,  the  diet,  as  a  rule, 
is  not  primarily  at  fault,  but,  owing  to  lack  of  bile  in  the  intestine,; 
there  is  poor  absorption  of  fat  and  hence  of  fat-soluble  vitamin  K. 
The  remedy  for  such  persons  is  either  to  inject  vitamin  K,  or  to  feed 
it  together  with  bile  salts. 

A  considerable  degree  of  hypoprothrombinemia  appears  to  be 
common  in  newborn  babies;  and  in  some  babies  this  is  so  very 
marked  as  to  cause  serious  danger  from  hemorrhage.  Though  the 
reason  for  this  condition  is  not  fully  understood  it  has  been  shown 
that  administration  of  vitamin  K  to  the  newborn  child  (or  even  to 
the  mother  shortly  before  the  birth)  significantly  raises  the  blood 
prothrombin  value  in  the  first  days  of  life.  One  or  the  other  of 
these  precautionary  measures  has  now  been  adopted  by  many  ob¬ 
stetricians  and  maternity  hospitals,  with  resultant  sharp  drop  in 
the  incidence  of  hemorrhage  in  the  newborn. 

To  what  extent,  if  any,  there  is  a  vitamin  K  problem  in  nutrition 
in  the  sense  of  feeding  people  we  do  not  yet  know.  A  very  few  cases 
have  been  reported  of  hypoprothrombinemia  which  seemed  clearly 
to  be  the  result  of  a  lack  of  vitamin  K  in  the  diet.  But  vitamin  K 
is  so  widely  distributed  among  many  different  kinds  of  food  (though 
especially  abundant  in  green  leaves)  that  we  should  expect  dietary 
deficiency  of  this  factor  to  be  rare.  In  addition,  it  has  been  suggested 
■that  further  quantities  of  vitamin  K  are  normally  formed  by  the 


intestinal  microorganisms. 

The  National  Research  Council’s  circular  on  Recommended  Die¬ 
tary  Allowances,  Revised  1948,  comments  upon  vitamin  K  in  part 

as  follows: 

*  The  student  wishing  to  review  the  current  theories  regarding  the  ProttSS° 
blood  coagulation  is  referred  to  recent  textbooks  of  physiology,  or  for  a  fu 
account,  to  Howell,  W.  H.  1935  Theories  of  blood  coagulation,  P  y 

Rev.  15,  435-470. 
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“The  requirement  for  vitamin  K  usually  is  satisfied  by  any  good 
diet  except  for  the  infant  in  utero  and  for  the  first  few  days  after 
birth.  Supplemental  vitamin  K  is  recommended  during  the  last 
month  of  pregnancy.  When  it  has  not  been  given  in  this  manner, 
it  is  recommended  for  the  mother  preceding  delivery  or  for  the  baby 
immediately  after  birth.  .  .  .  Pregnant  women  usually  are  found 
to  have  normal  amounts  of  prothrombin  in  the  blood,  but  many 
newborn  infants  have  abnormally  small  amounts.  Although  little 
relation  seems  to  exist  between  the  amount  of  prothrombin  in  the 
blood  of  the  mother  and  that  of  the  infant  at  birth,  the  amount  of 
vitamin  K  received  by  the  mother  is  reflected  quickly  in  the  amount 
of  prothrombin  in  the  blood  of  her  infant  in  utero.  Seldom  does  the 
mother  receive  enough  dietary  vitamin  K  to  prevent  an  important 
decrease  in  the  prothrombin  level  of  the  blood  of  her  infant  during 
the  first  few  days  after  birth  .  .  .  (and)  the  available  evidence 
warrants  increased  attention  to  the  vitamin  K  intake  of  the  mother 
during  the  latter  part  of  pregnancy  .  .  .  (hence)  it  is  suggested 
that  vitamin  K  be  given  to  pregnant  women  during  the  last  month 
of  pregnancy.” 

Stamler,  Tidrick,  and  Warner  ( 1943)  have  reported*  upon  vita¬ 
min  K  and  prothrombin  levels  with  reference  to  the  influence  of 
age  and  of  rapidity  of  growth. 

Though  we  have  here  referred  to  vitamin  K  in  the  singular,  it 
should  perhaps  be  mentioned  that  at  least  two  forms  (Ki  or  phyl- 
loquinone,  and  K2)  occur  naturally,  and  that  a  number  of  chemi- 
calh  i  elated  synthetic  products  have  also  the  antihemorrhagic  prop¬ 
erties  of  vitamin  K.  '  r 


Possibility  of  Other  Vitamins 


There  is  no  general  agreement  as  to  how  widely  the  term  vitamin 
shall  be  used.  And  certainly  there  is  no  attempt  to  mention  in  this 
book  all  the  vitamins  there  are.” 


EXERCISES:  for  instructors  and  students  jointly 

wrftttenyn95maiIa„He  pU“shcd  since  the  foregoing  text  was 

tten  ( 1950)  and  write  a  supplement  bringing  up  to  date  snrh 

v.tamin  top.cs  as  may  be  chosen  or  assigned.  S  P  h 

*  Journal  of  Nutrition,  26,  95-103  ( 1943) 
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SOME  RELATIONS  OF  FOOD 
TO  THE  TEETH 


Introduction  to  “the  Tootli  Problem” 


The  formation  of  good  teeth,  and  the  maintenance  of  the  health 
of  the  teeth  and  gums,  present  such  special  and  such  baffling  prob¬ 
lems  that  any  attempt  to  treat  this  subject  here  will  necessarily 
lack  conclusiveness  of  scientific  explanation. 

Yet  while  the  teeth  and  adjoining  tissues  are  quite  unique  struc¬ 
tures  they  still  are  a  part  of  the  bodily  structure,  and  like  the  rest 
of  the  body  they  are  considerably  influenced  by  the  food. 

Some  relations  of  food  to  good  teeth  are  now  sufficiently  estab¬ 
lished  to  warrant  our  attention,  even  though  we  have  not  yet  a  clear 
consensus  of  opinion  as  to  the  precise  explanation  of  all  the  facts. 

Broadly  speaking,  a  tooth  is  made  up  of  three  main  sections:  the 
enamel  or  outer  covering,  the  dentine,  and  the  pulp.  In  the  perfect 
tooth,  the  enamel  is  hard,  brittle,  and  semitransparent,  and  presents 
a  smooth,  lustrous  appearance.  It  is  non-cellular  and  is  built  up  of 
prisms  united  by  a  densely  calcified  intermediate  substance.  The 
enamel  forms  a  comparatively  thin  layer  or  cap  over  the  dentine, 
which  makes  up  the  largest  portion  of  the  tooth.  The  dentine  is  a 
yellowish-white,  translucent  substance  resembling  bone,  and  con¬ 
sists^  of  a  non-cellular,  homogeneous  material  traversed  regularly 
by  branched  socalled  dentinal  tubes,  which  contain  projecting  out- 

STJ  flu  d°m  lhe  ^ntine-form,ng  cells.  together  with  nerves,  some 
"  f  ‘d’  a"d  other  orf mc  ma‘ter.  The  innermost  portion  of  the 
,  e  pulp,  js  a  soft  tissue,  composed  largely  of  cells  blood 
vesse  s,  and  neiwes.  Its  outer  layer  consists  of  odontoblast  \ T„ 

me-formmg  cells;  and  in  young,  growing  teeth  there  is  always  be¬ 
tween  the  pulp  and  the  (calcified)  dentine  a  layer  of  unified 
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matrix,  penetrated  by  fibers  from  the  odontoblasts,  which  is  the 
zone  where  further  calcification  is  taking  place.  Normally,  this  zone 
is  quite  thin,  but  in  an  imperfectly  calcified  tooth,  it  may  be  wide 
and  irregular  and  patches  of  uncalcified  material  known  as  “inter- 
globular  spaces”  may  remain  as  permanent  defects  in  the  resulting 
dentine.  The  imperfectly  calcified  tooth  may  also  show  defects  of 
the  enamel,  varying  from  slight  roughness  to  deep  pits  and  grooves, 
and  even  in  some  cases  to  a  complete  absence  of  enamel  over  certain 
areas. 

The  term  hypoplasia  is  frequently  applied  to  such  conditions  of 
poor  structural  development  of  the  teeth,  which  are  to  be  distin¬ 
guished  from  dental  caries,  or  actual  decay  and  disintegration  of 
teeth  already  formed.  The  making  of  this  distinction,  however, 
should  not  be  taken  to  imply  that  these  two  types  of  tooth  trouble 
are  entirely  independent  of  each  other,  for  even  slight  defects  of 
structure  may  constitute  a  starting  point  for  the  development  of 
caries.  And  complete  perfection  of  tooth  structure  is  not  common. 

Marshall  ( 1939)  considers  it  a  “confirmed  clinical  and  laboratory' 
observation”  that  there  is  scarcely  a  tooth  in  man  or  lower  animal 
which  does  not  present  areas  of  incomplete  formation.  Henoe  much 
depends  upon  the  “personal  equation”  of  the  investigator  in  all 
studies  of  the  incidence  of  tooth  defects;  for  some  will  call  a  tooth 
defective  while  others,  equally  expert  but  of  more  tolerant  tem¬ 
perament,  will  pass  it  as  normal. 

Marshall’s  view,  following  that  of  Fish,  is  that  caries  begins  in  a 
permeable  crevice  or  fault  area  which  after  eruption  of  the  tooth 
becomes  filled  with  the  fluid  and  suspended  materials  present  in 
the  mouth,  which  from  time  to  time  include  food  particles  and  bac¬ 
teria.  Among  the  latter  are  those  whose  products  tend  to  corrode 
the  tooth.  If  this  corrosion  is  not  too  rapid,  the  slight  irritation  of 
underlying  dentine  which  it  causes  may  result  in  a  sufficiently  aug¬ 
mented  calcification  from  within  to  erect  an  effective  barrier  against 
further  invasion  of  the  tooth  by  the  caries. 

Although  attempts  have  been  made  to  study  the  incidence  of 
hypoplasia  as  such  in  human  teeth  in  order  to  correlate  this  with 
what  was  known  of  the  nutritional  background,  these  efforts  have 
frequently  been  confused  by  the  difficulty  of  recognizing  hypoplasia 
in  the  presence  of  caries.  In  studying  this  aspect,  therefore,  frequent 
use  has  been  made  of  the  puppy  as  an  experimental  subject:  for, 
as  Blunt  and  Cowan  point  out,  the  dog  (unlike  the  rat  or  the 
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guineapig)  resembles  the  human  being  in  that  he  forms  two  sets 
of  teeth,  temporary  and  permanent,  which  in  their  growth  and 
development  are  readily  comparable  to  those  of  man.  Although 
hypoplasia  resembling  that  of  human  teeth  may  be  developed  in 
dogs  by  dietary  mistreatment,  actual  decay  does  not  appear  com¬ 
monly  in  this  species,  and  hence  one  may  investigate  the  former 
condition  practically  uncomplicated  by  the  latter. 

Mrs.  May  Mellanby  has  reported  extensive  investigations  of  the 
teeth  from  the  puppies  with  which  her  husband  was  studying  ex¬ 
perimental  rickets.  Her  studies  leave  no  doubt  that  tooth  structure 
is  markedly  influenced  by  nutritional  conditions  prevailing  at  the 
time  the  tooth  in  question  is  being  formed,  whether  before  or  after 
birth.  There  are  indications,  however,  that  the  body  resources  of 
the  mother  may  serve  to  a  limited  extent  as  a  factor  of  safety,  so 
that  poor  diet  of  the  mother  before  birth  is  somewhat  less  disastrous 
in  its  effect  on  her  child’s  teeth  than  is  correspondingly  poor  diet 
of  the  infant  after  birth. 


Some  of  the  Causes  of  Tooth  Defects 

Because  defects  of  structure  are  so  closely  connected  with  the 
caries  problem,  Marshall  s  classification,  while  offered  in  connection 
with  his  writings  on  caries,  is  broad  enough  for  our  present  purpose. 

hor  convenience”  he  groups  the  causes  alphabetically  as  follows: 
A  anatomical;  B,  bacteriological;  C,  chemical;  D,  dietary  E 

™  F’  failu,;e  in  mouth  hygiene;  H,  heredity.  And  he  holds 

(l.uy)  that  the  relative  importance  of  these  seven  groups  of  fac- 
tors  varies  with  age,  environmental  vicissitudes,  habits,  health,  and 
probably  other,  as  yet  undetermined,  agents.” 

Also  it  is  to  be  remembered  that  these  causes  probably  more  often 
act  two  or  more  together  than  any  one  separately. 

olov"caTordietChemiCal”  ^  Presumably  results  of  bacteri¬ 
ological  or  dietary  causes,  or  of  such  failures  in  mouth-hygiene  as 
the  use  of  corrosive  dentifrices.  yg  ne  as 

«.i  P”  ^i01'1"'  bamF  one  may  he  born  with  some  tooth  defect  or 

classification  in  case  you  inside  ‘ ‘c hemic"  1”^  °  ^ 
causes).  cnemical  as  covered  by  other 
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Kesel  (1943)  classifies  the  factors  in  the  development  of  caries 
into  two  major  divisions:  (1)  the  exciting  factors,  which  actually 
produce  the  lesion;  and  (2)  the  predisposing  factors,  which  permit 
the  exciting  causes  to  exist  and  operate.  The  actual  exciting  causes 
are  few,  as  viewed  by  Kesel,  probably  only  two :  first,  bacteria  within 
a  plaque  on  the  tooth  surface  capable  of  destroying  tooth  substance 
by  the  products  of  their  metabolism;  and  second,  material  on  the 
tooth  surface  or  in  the  mouth  capable  of  being  converted  into  sub¬ 
stances  harmful  to  the  tooth.  Without  these  two  conditions,  Kesel 
believes,  caries  in  all  probability  could  not  occur.  Yet  all  individuals 
have  bacteria  on  the  tooth  surfaces,  and  most  of  them,  at  times, 
have  upon  their  teeth  or  in  the  mouth,  materials  that  these  bacteria 
could  utilize  to  form  acid.  Since  all  teeth  do  not  become  carious, 
there  must  be  other  circumstances  which  determine  whether  or  not 
damage  to  the  teeth  occurs.  These  are  what  Kesel  calls  the  predis¬ 
posing  factors,  and  classifies  into  two  groups:  (a)  factors  which 
exert  influence  through  systemic  or  nutritional  channels,  and  (b) 
local  factors,  which  have  their  effect  through  the  immediate  en¬ 
virons  of  the  teeth. 

Still  another  way  of  grouping  factors  which  influence  the  teeth 
would  be  according  to  the  stage  at  which  they  operate:  whether 
during  the  period  when  the  tooth  is  forming  and  maturing,  or  after 
it  is  erupted  and  fully  developed. 

As  will  be  apparent  in  the  discussion  which  follows,  the  factors 
and  their  modes  of  operation  overlap  so  as  to  make  clear  differen¬ 
tiation  and  interpretation  often  difficult  or  impossible. 


Empirical  Evidence  That  Food  Is  A  Factor 

Some  years  ago  a  group  of  diabetic  children,  who  had  long  been 
receiving  special  care  as  to  diet,  were  found  to  have  unusually  good 

teeth.  , 

A  large-scale  trial  with  abundant  controls  was  later  made  py 

feeding  a  part  of  the  population  of  a  large  orphanage  with  a  diet 
containing  (as  had  that  of  the  diabetic  children)  “liberal  amounts 
of  milk,  eggs,  meat,  fresh  and  canned  vegetables  and  fruits,  an 
codliver  oil  daily.”  This  also  led  to  a  great  decrease  in  the  incidence 
of  tooth  defects  among  the  children  of  like  age  in  the  same  institu¬ 
tion  Speaking  of  recent  extensions  of  these  studies  where  caries 
was  again  strikingly  arrested  by  dietary  regulation,  Boyd  repoi  - 
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in  1942  that  neither  the  high-fat  nor  the  low-sugar  content  of  the 
early  diabetic  diet  appears  to  be  essential  to  this  effect  on  the  teeth; 
and  concluded:  “We  have  been  unable  to  attribute  this  favorable 
effect  of  the  dietary  regimen  to  any  single  constituent  or  character¬ 


istic  of  the  diet.” 

It  may  perhaps  be  of  interest  to  add  the  following  incident 
which  came  to  the  knowledge  of  one  of  us  while  serving  as  a  mem¬ 
ber  of  the  advisory  committee  to  a  comprehensive  dental  research. 
One  aspect  of  this  research  was  to  be  a  fairly  large-scale  attempt 
to  improve  the  teeth  of  children  in  institutions,  by  certain  nutri¬ 
tional  enrichments  of  their  dietary  under  conditions  of  experimental 
control,  and  with  exceptionally  careful  and  expert  examination  of 
the  teeth  before  and  after  the  dietary  tests.  A  certain  institution  with 
a  child  population  of  about  400  seemed  when  first  briefly  visited 
to  be  a  promising  place  for  such  experiment  because  the  physical 
circumstances  permitted  of  good  control,  the  management  was 
scientifically-minded  and  cooperative  and  the  income  of  the  in¬ 
stitution  was  so  meager  that  the  proposed  gift  of  “protective”  foods 
for  the  nutritional  experiment  would  have  been  extremely  wel¬ 
come.  But  the  research  dentist  found  in  the  first  examination  of 


these  children  s  teeth  that  there  was  so  little  tooth  foT  improvement 
that  this  group  of  children  would  not  do  for  his  investigation  after 
all !  And  his  explanation  was  that  the  institution,  while  financially 
in  difficult  circumstances,  had  for  some  years  had  a  good  dietitian 
so  that  the  children  had  already  had  the  benefit  of  the  sort  of  diet 
he  had  intended  to  try,  and  had  only  a  fraction  of  the  incidence 

of  dental  defects  commonly  found  in  American  children  of  their 
age. 

In  this  case  the  dietitian  had  been  guided,  not  by  anv  special 
theory  as  to  the  tooth  problem,  but  by  the  general  principles  of  the 
newer  knowledge  of  nutrition.  This  institution  population  illustrated 
well  the  trend  which  Dr.  Percy  Howe  expresses  in  the  saying  that. 
Generally,  good  health  and  good  teeth  go  together.” 

Undoubtedly,  as  the  guidance  of  the  newer  knowledge  of  nutri¬ 
tion  comes  to  be  accepted  more  and  more  widely  and  wholeheart- 

bodv  h  i  v  '  bC  impr°Ved  alon§  with  the  health  of  the 

heahh  is  bWeIo°w 'theeT'e  ,*?  1° en°Ugh  Pe°plc  Wh°Se  dentaI 

scientifically  validhidicatiim  ^  ‘°  C°nSti*Ute  a 

the  teeth  and  gums,  ^ 
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emphasis  on  certain  nutritional  factors?  Does  it  also  (as  some  in¬ 
vestigators  believe)  indicate  that  diet  has  other  than  strictly  nutri¬ 
tional  relations  to  the  health  of  the  teeth? 


Individual  Nutritional  Factors 

Calcium  and  phosphorus  are  such  prominent  ingredients  of  the 
chief  tooth  mineral  that  they  must  certainly  be  regarded  as  among 
the  major  nutritional  factors  concerned  in  the  building  of  good 
teeth.  This  must  be  emphasized ;  for  the  fact  that  these  elements  do 
not  tell  the  whole  story,  and  the  further  fact  that,  once  built  into 
the  tooth  structure,  they  are  not  very  readily  withdrawn  by  the 
circulation,  have  resulted  in  too  great  a  tendency  to  ignore  them 
in  recent  discussions  of  the  tooth  problem.  For  the  construction  of 
good  teeth,  the  body  needs,  on  the  one  hand,  abundant  supplies  of 
calcium  and  phosphorus  as  building  material;  and,  on  the  other 
hand,  abundant  supplies  of  such  vitamins  as  regulate  the  processes 
involved  in  building  these  particular  tissues.  The  latter  include 
vitamin  D  certainly,  and,  if  observations  on  animals  carry  over  to 
man,  vitamin  C  and  vitamin  A  as  well. 

That  the  calcium  intake  may  indeed  frequently  be  a  limiting 
factor  in  tooth  soundness  was  suggested  by  the  finding  of  East 
( 1941 )  in  a  survey  of  109  cities  in  the  United  States,  that  hardness 
(richness  in  calcium  carbonate)  of  the  city  water  supply  was  asso¬ 
ciated  with  lower-than-average  incidence  of  caries  in  the  school 
children;  and  strikingly  confirmed  by  extended  studies  among 
South  African  groups,  where  allowance  was  made  in  addition  for  a 
possible  fluoride  effect. 

Vitamin  D. — The  essential  similarity  between  the  various  cal¬ 
cified  structures  of  the  body,  and  the  demonstrated  importance  of 
vitamin  D  to  the  development  of  the  bones,  lead  naturally  to  the 
problem  of  the  extent  to  which  the  teeth  also  are  affected  by  this 

factor. 

It  has  long  been  accepted  that  rickets  occasions  a  delay  in  denti¬ 
tion;  and  Hess  has  cited  an  investigation  in  his  clinic  which  showed 
that  even  in  cases  of  extremely  mild  rickets  teething  was  retarded, 
for  “whereas  about  one-half  the  number  of  normal  babies  developed 
a  tooth  between  the  sixth  and  the  ninth  month,  only  about  one- 
fourth  of  the  infants  with  mild  rickets  had  a  tooth  at  this  age.  e 
eruption  of  subsequent  teeth  was  likewise  tardy.  Clearly  then  the 
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provision  of  vitamin  D  in  a  sufficient  quantity  to  prevent  all  rachitic 
manifestations  may  be  expected  to  hasten  somewhat  the  time  of 
appearance  of  the  baby’s  teeth. 

Proceeding  now  to  a  consideration  of  vitamin  D  in  relation  to 
dental  caries,  two  questions  suggest  themselves:  ( 1 )  to  what  extent 
does  hypoplasia  (of  which,  as  Mrs.  Mellanby’s  experiments  showed, 
lack  of  vitamin  D  is  one  cause)  predispose  to  caries;  and  (2)  once 
the  teeth  have  been  formed  (for  better  or  worse),  what  protection, 
if  any,  against  the  inroads  of  tooth  decay,  may  be  hoped  for  from 
a  liberal  intake  of  vitamin  D? 

With  regard  to  the  first  question,  it  would  seem  logical  to  expect 
that,  whatever  the  underlying  cause  of  caries,  the  damage,  which 
involves  essentially  the  solution  of  calcium  salts  by  agents  reaching 
them  from  outside  the  tooth,  will  be  more  severe  to  the  hypoplastic 
tooth  in  which  the  protective  coating  of  enamel  may  be  less  dense, 
or  pitted  and  grooved  (making  mechanical  removal  of  the  de¬ 


structive  agent  more  difficult),  or  even  totally  lacking  in  spots;  and 
in  which  the  interglobular  spaces  of  the  dentine  facilitate  further 
penetration  by  the  disintegrative  fluid. 

This  reasoning  is  substantiated  by  the  clinical  experience  that 
those  teeth  and  portions  of  teeth  which  are  in  general  most  apt  to 
be  hypoplastic  (perhaps  because  of  the  period  of  life  at  which  they 
are  calcified)  are  likewise  in  general  most  liable  to  dental  caries. 
Thus,  for  example,  Dick  found  in  an  investigation  of  the  permanent 
teeth  that,  of  the  cases  with  carious  teeth,  the  lower  first  molar  was 
ecayed  in  80  per  cent  and  the  upper  first  molar  in  30  per  cent  The 
fact  that  the  lower  first  molars  decay  out  of  proportion  to  the 
ot  eis  is  to  be  attributed  rather  to  the  main  part  of  the  enamel  of 
the  crown  hat  ing  been  laid  down  in  the  first  two  years  of  life  when 
rickety  conditions  are  operative.”  And  May  Mellanby,  correlating 
.ructure  with  decay  in  individual  teeth,  found  that  those  which 

7nTv  aTtd  ^  nCt  y  n°rmal  in  Structure  had  carious  cavities  in 

85  per  '  hm'd  T  °f  the  CaSeS’  as  comPared  with 

On  the  otL  v,  a  .CaneS  m  distinct,>-  hypoplastic  teeth. 

On  the  other  hand,  ,t  ,s  well  known  also  that  many  hvpoplastic 

eeth  remain  resistant  to  caries  throughout  life.  Clearly,5  there  arc 
thei  factors  to  be  considered  in  the  problem  nf  '  k  -j 
structural  quality  of  the  teeth  beS'deS  the 
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development  of  caries  in  preadolescent  children,  but  there  are  sug¬ 
gestions  that  it  may  be  less  effective  at  later  ages. 

In  the  work  of  Boyd,  Drain,  and  Stearns  it  appeared  that  a 
change  of  diet  in  the  general  direction  indicated  by  the  newer 
knowledge  of  nutrition  reduced  the  rate  of  caries  development  in 
children,  and  that  a  further  improvement  was  then  effected  by  in¬ 
creasing  the  vitamin  D  intake  to  600  units  per  day.  This  effect  of 
600  I.U.  per  day  was,  however,  stated  to  be  no  greater  than  that 
observed  in  other  work  by  them  with  350  I.U.  per  day;  so  that  the 
National  Research  Council’s  recommendation  of  400  I.U.  per  day 
should  permit  an  optimum  effect  of  vitamin  D  on  the  teeth. 

The  vitamin  D  derived  from  sunshine  may  also  affect  impor¬ 
tantly  the  soundness  of  the  teeth.  Thus,  Mills  (1937)  found  that, 
progressing  northward  across  the  United  States,  there  was  a  steady 
increase  in  the  frequency  of  caries  among  school  children,  which 
amounted  in  all  to  over  200  per  cent  increase  from  the  Gulf  of 
Mexico  to  the  Canadian  border.  And  East  reported  that  the  fre¬ 
quency  of  dental  caries  in  various  portions  of  the  country  varied 
inversely  with  the  annual  hours  of  sunshine  enjoyed  in  the  different 


regions. 

According  to  the  Council  on  Foods  and  Nutrition  of  the  Ameri¬ 
can  Medical  Association:  “There  is  clinical  evidence  to  justify  the 
statement  that  vitamin  D  plays  an  important  role  in  tooth  forma¬ 
tion.  Likewise  experimental  evidence  justifies  the  statement  that 
vitamin  D  is  a  beneficial  factor  in  preventing  and  arresting  dental 
caries  when  the  intake  of  calcium  and  phosphorus  is  liberal  and  the 
diet  is  adequate  with  respect  to  other  nutrients.” 

Vitamin  C. — In  the  days  when  severe  scurvy  was  common,  it 
frequently  resulted  in  loss  of  teeth,  though  available  records  do  not 
make  clear  in  how  far  this  was  due  to  an  effect  upon  the  tooth  it¬ 
self  and  in  how  far  to  the  condition  of  the  gums  and  jaw  bones. 

In  1919,  Zilva  and  Wells  in  England  studied  microscopic  sec¬ 
tions  of  the  teeth  of  guineapigs  subjected  to  shortage  of  vitamin 
and  came  to  the  conclusion  that  the  tooth  is  one  of  the  first,  ii  not 
the  first,  of  the  parts  of  the  body  to  be  affected  by  subnormal  intake 
of  this  vitamin,  and  that  profound  changes  may  occur  in  the  tee  " 
even  when  the  ordinary  scorbutic  symptoms  are  still  so  slight  as 
be  almost  or  quite  unrecognizable.  (There  were  at  that  time 
means  of  measuring  the  level  of  concentration  of  vitamin  C  ^ 
the  body.)  The  typical  effect  upon  the  teeth  was  describ 
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broid  degeneration  of  the  pulp  with  a  replacement  of  the  fine  struc¬ 
tural  organization  by  amorphous  material.  They  also  found  similar 
effects  of  vitamin  C  deficiency  upon  the  teeth  of  monkeys.  They 
therefore  emphasized  the  view  that  subclinical  conditions  of  short¬ 
age  of  vitamin  C  may  be  more  frequent  than  had  been  suspected 
and  may  reasonably  be  expected  to  injure  the  teeth. 

Degeneration  of  the  pulp  tissue  as  a  result  of  shortage  of  vitamin 
C  has  also  been  reported  by  several  other  investigators.  In  1920 
Howe  of  the  Forsyth  Dental  Clinic  and  the  Harvard  Department 
of  Pathology  also  found  that  scorbutic  diets  have  a  deleterious  ef¬ 
fect  upon  the  teeth.  He  noted  a  marked  decalcification  and  loosen¬ 
ing  of  the  teeth,  with  absorption  of  the  alveolar  processes  as  in 
pyorrhea;  and  emphasized  the  finding  that  if  the  condition  was  not 
too  far  advanced  it  could  be  cured  by  simple  addition  of  orange 
juice  to  the  diet.  Others  have  also  emphasized  the  good  effects  of 
orange  juice  upon  the  health  of  the  teeth  and  gums.  Hojer’s  very 
extensive  studies,  both  experimental  and  clinical,  seem  to  leave  no 
doubt  that  even  mild  degrees  of  shortage  of  vitamin  C  are  very 
important. 

More  recently,  Boyle,  Bessey,  and  Wolbach  (1937)  of  the  Har¬ 
vard  Dental  and  Medical  Schools,  in  carefully  controlled  experi¬ 
ments  with  individual  vitamin  deficiencies,  find  that  shortage  of 
vitamin  C  may  bring  about  a  condition  which  upon  full  pathologi¬ 
cal  investigation  appears  to  be  identical  with  one  of  the  well- 

recognized  clinical  forms  of  pyorrhea:  pyorrhea  of  the  systemic 
type. 


Particularly  noteworthy  is  the  further  fact  that  these  investi¬ 
gators  then  examined  patients  in  the  dental  clinic  and  found  defi¬ 
nite  correlation  between  this  type  of  pyorrhea  and  a  low  concen¬ 
tration  of  vitamin  C  in  the  blood. 


McCollum  points  out  that  dentine  is  derived  from  the  meso- 
astic  tissue;  and  holds  that  the  odontoblasts,  which  form  dentine 
are  extremely  sensitive  to  deficiency  of  ascorbic  acid,  so  that  if  the 
tissues  become  depleted  of  this  substance  while  the  teeth  are  in 
process  of  growth,  defective  dentine  will  result 

V.lamin  .4 —Markedly  abnormal  tooth  structure,  involvine  es 
workers  mbeT  'T*  ^  W°,baCh  and  Howe  and  later 

perimenta,  animals  McCol, “  ““ 

forming  cells  (ante, oblasts,  are^^T 
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tissue  (ectoderm)  from  which  gum  epithelium  has  its  origin;  and 
that  they  should  therefore  logically  be  expected,  like  other  epithe¬ 
lium,  to  be  extremely  sensitive  to  deficiency  of  vitamin  A. 

Although  the  Committee  on  Survey  of  Literature  on  Dental 
Caries  could  (1946)  find  “no  evidence  except  the  one  case  de¬ 
scribed  by  Boyle  to  show  that  vitamin  A  deficiency  in  man  resulted 
in  a  malformation  of  the  teeth,”  and  further,  “no  direct  evidence 
that  the  addition  of  vitamin  A  to  a  diet  will  reduce  the  dental 
caries  incidence,”  the  evidence  of  animal  experimentation  strongly 
suggests  that  vitamin  A  is  indeed  a  factor  in  the  building  of  sound 
teeth,  and  points  to  the  desirability  of  more  controlled  human 
observations. 


Sugar  Intake  and  the  Teeth 

The  view  was  advanced  by  Bunting,  Koehne,  and  others  that  an 
increased  intake  of  sugar  results  in  an  increase  in  the  number  and 
severity  of  carious  lesions  in  teeth  already  formed;  and  that  this 
is  due  to  the  effect  of  soluble  carbohydrate  in  promoting  the  mul¬ 
tiplication  in  the  mouth  of  types  of  bacteria  which  are  specifically 
bad  for  the  teeth. 

Recent  evaluations  (Sognnaes,  1948;  Shaw,  1949)  of  the  ef¬ 
fects  of  wartime  diets,  notably  low  in  sugar  and  refined  flour,  on 
the  teeth  of  European  populations  lead  to  the  further  suggestion 
that  such  diets  may  have  an  even  more  marked  beneficial  effect  in 
promoting  the  development  of  teeth  which  are  less  susceptible  to 
decay  than  teeth  which  form  under  ordinary  peacetime  conditions. 
For,  observations  on  caries  incidence  among  three  quarters  of  a 
million  school  children  examined  in  eleven  European  countries  in 
the  past  forty  years  consistently  point  to  a  decreased  incidence  of 
tooth  decay  toward  the  latter  part  of,  and  following,  both  World 
Wars  I  and  II.  The  decreased  tendency  to  caries  did  not  appear 
clearly  until  more  than  a  year  after  the  wartime  diet  was  begun, 
and  (in  the  case  of  World  War  I)  it  was  still  evident  for  several 
years  after  the  close  of  the  war  and  return  to  ordinary  food  habits. 
Moreover,  the  beneficial  effect  was  most  striking  in  young  children 
and  in  those  teeth  of  older  children  which  developed  and  matured 

during  the  war  years.  .  ir 

Such  observations  seem  to  indicate  that  the  tooth  structure  itseB 

—and  not  merely  the  environment  in  the  mouth— benefited  > 
some  way  by  the  enforced  restrictions  of  wartime  diet.  Whethe 
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this  came  about  directly  as  the  result  of  a  low  sugar  intake  or  be¬ 
cause  the  quality  of  the  diet  improved  when  other  “natural”  foods 
had  to  be  taken  in  place  of  the  refined  carbohydrate,  or  in  some 
still  other  way,  is  not  certain.  However,  animal  studies  cited  by 
Shaw  (1949)  confirm  the  belief  that  a  high  sugar  intake  is  specifi¬ 
cally  bad  for  the  teeth. 


Favorable  Effects  of  Certain  Fruits  and  Vegetables 

The  eating  of  fruit,  particularly  raw  fruit  such  as  apple,  or 
taking  orange  or  grapefruit  juice,  at  the  end  of  a  meal  or  soon 
after,  or  at  bedtime,  is  considered  by  some  investigators  to  induce 
“a  bacteriostatic  condition  in  the  mouth.” 

Precise  explanation  of  this  benefit  is  not  yet  entirely  clear.  It 
may  be  a  combined  effect  of  several  factors  no  one  of  which  suf¬ 
ficiently  predominates  over  the  others  to  be  readily  demonstrated 
in  an  outstandingly  convincing  way. 

In  the  case  of  such  a  soft-fibrous  texture  as  that  of  a  raw  apple 
(or  of  celery)  the  mechanical  effects  of  moderate  massage  of  the 
gums,  and  of  leaving  the  surfaces  of  the  teeth  scrubbed  free  from 
food  particles,  are  in  themselves  beneficial.  The  “savory”  property 
of  such  a  raw  food  or  of  a  citrus  fruit  juice  doubtless  also  means  a 
physiological  stimulation  of  the  cells  which  pour  their  more  or  less 
bacteriostatic  secretions  into  the  mouth.  Again,  some  investigators 
have  emphasized  the  view  that  the  mild  acidity  of  a  fruit  or  fruit 
juice  is  helpful  in  keeping  the  tooth  surfaces  free  from  plaques  and 
in  affording  a  wholesome  stimulation  of  the  mucous  membranes  of 
the  mouth,  in  contrast  to  the  unnatural  and  drastic  “cleansers”  of 
some  tooth  pastes,  which  may  be  injurious. 

Fruits  and  vegetables  generally,  and  milk,  cream,  and  ice  cream, 
tend  to  the  ensurance  of  good  intakes  of  calcium,  phosphorus,  vita¬ 
min  A,  and  vitamin  C ;  while  eggs  are  a  good  source  of  phosphorus 
vitamin  A,  and  vitamin  D.  Hence  liberal  use  of  these  foods  may  rea¬ 
sonably  be  expected  to  aid  both  the  development  and  maintenance 
of  sound  tooth  structure  and  a  healthy  condition  of  the  gums 


Fluorides  and  the  Teeth 

O^nions  may  differ  as  to  whether  any  discussion  of  the  relation 
of  fluorides  to  the  teeth  is  appropriate  to  a  nutrition  textbook,  or 
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whether  this  should  be  regarded  as  purely  a  public  health  problem. 
For  this  reason,  a  brief  account  only  will  be  given  here  of  the  find¬ 
ings  which  recently  have  attracted  much  attention  from  the  dental 
profession  and  the  general  public. 

The  discovery  by  Smith,  Lantz,  and  Smith  (1931)  of  the  cause 
of  mottled  enamel  is  of  closely  related  interest  to  the  influence  of 
food  upon  teeth  and  also  illustrates  the  important  fact  that  the 
methods  of  long-time  feeding  trials  under  strict  laboratory  control 
developed  in  nutrition  research  may  also  be  uniquely  useful  in 
solving  problems  of  the  relation  of  our  intake  to  our  health  which 
may  be  other  than  strictly  nutritional. 

Upon  careful  investigation  by  Margaret  Cammack  Smith,  chief 
of  research  in  human  nutrition,  University  of  Arizona,  the  defect 
of  human  teeth  known  as  mottled  enamel  was  found  to  be  due,  not 
to  a  nutritional  deficiency,  but  to  injury  of  the  teeth  by  the  fluorine 
of  the  local  drinking  water.  Later,  surveys  showed  that  mottled 
enamel  is  endemic  in  many  regions  throughout  the  world,  and  is 
invariably  associated  with  drinking  water  containing  about  1.5  or 
more  parts  per  million  of  fluorine.  Communities  nearby  but  with 
fluorine-free  water  supplies,  have  natives  free  from  this  disfiguring 
defect  of  the  enamel.  Studies  of  the  teeth  of  migrants  into  and  from 
high-fluoride  regions  indicate  that  this  effect  of  fluorides  operates 
during  the  developmental  period  only  and  is  not  reversible:  teeth 
are  mottled  or  not  depending  on  the  fluoride  intake  while  they 
are  being  formed :  and,  once  mottled,  they  remain  so. 

A  decade  or  so  ago,  however,  a  different  sort  of  emphasis  began 
to  be  directed  to  the  fluorine  problem,  viz.,  whether  a  certain  intake 
of  the  element  may  not  be  beneficial  in  protecting  the  teeth  against 
decay,  whether  perhaps  there  may  be  more  water  supplies  with 
suboptimal  levels  than  with  excessive  concentrations  of  fluoride. 
H.  T.  Dean,  at  the  National  Institute  of  Health,  and  others, 
amassed  impressive  statistical  evidence  that  tooth  decay  is  less  ex¬ 
tensive  among  natives  of  communities  where  the  drinking  water 
contains  fluoride  than  among  those  of  fluoride-free  districts,  an 
that  this  “protective”  effect  may  be  noted  even  on  fluoride  levels 
below  those  which  produce  mottled  enamel.  Persons  who  had  re¬ 
sided  in  “fluoride  localities”  during  the  period  when  their  tee 
were  developing  were  found  to  retain  a  relative  immunity  to  tooth 
decay  through  years  of  subsequent  residence  in  fluoride-free  a  • 
Application  of  fluorides,  several  times  a  year,  to  the  surface  o 
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teeth,  especially  in  young  subjects,  was  reported  by  several  dentists 
to  reduce  the  incidence  of  new  caries  strikingly.  How  this  effect  is 
produced  is  not  certain,  but  evidence  has  been  presented  suggesting 
(a)  that  fluoride  hardens  the  enamel  and  makes  it  more  resistant  to 
acid  erosion;  (b)  that  it  decreases  the  number  of  mouth  bacteria 
supposed  to  be  harmful  to  the  teeth;  and  (c)  that  it  may  further^ 
more  diminish  acid  formation  by  these  bacteria. 

Such  observations  have  led  naturally  to  the  question  whether 
it  may  be  possible  to  reduce  the  tooth  decay  of  whole  communities 
by  simple  addition  of  fluoride  to  the  public  water  supply.  Simul¬ 
taneously  arises  the  question  whether  even  small  amounts  of  a 
potentially  toxic  material  such  as  fluoride  may  be  ingested  day  in 
and  day  out  without  risk  of  injury  to  other  body  organs.  A  com¬ 
prehensive  investigation  of  both  questions  is  under  way  under  the 
auspices  of  the  New  York  State  Department  of  Health  in  the  two 
communities  of  Newburgh  and  Kingston,  New  York.  These  neigh¬ 
boring  cities  are  of  similar  size,  population  groups,  economic  status, 
have  common  sources  of  food  supply,  and,  until  May  of  1945,  the 
water  supplies  of  both  were  “fluoride-free.”  Dental  examination 
of  all  school  children  5  to  12  years  old  revealed  the  same  situation 
in  both  cities — an  incidence  of  21  decayed,  missing,  or  filled 
(DMF)  teeth  per  100  permanent  teeth.  Since  May,  1945,  fluoride 
has  been  added  to  the  Newburgh  water  supply,  bringing  the  level 
up  to  1.0- 1.2  parts  per  million,  while  the  Kingston  water  supply 
has  remained  fluoride-free.  At  the  time  of  writing  (late  1950) 
a  report  has  just  been  made  of  the  effects  of  the  first  three  years’ 
exposure  of  fluorine  on  the  teeth  of  the  Newburgh  school  children: 
a  reduction  of  30  per  cent  in  the  number  decayed,  missing,  or 
filled  (from  21  to  15  DMF/ 100  permanent  teeth).  In  the  control 
city  of  Kingston,  the  incidence  remains  the  same  as  three  years 
earlier  (21  DMF/ 100  permanent  teeth).  As  would  be  expected, 
the  protective  effect  was  greatest  among  the  younger  children,  but 
it  was  still  significant  among  the  older  groups  whose  permanent 
£eth  had  presumably  erupted  before  the  fluorine  exposure  began 
No  undesirable  systemic  effects  have  as  yet  been  detected,  but  it 
may  be  many  years  before  final  judgment  as  to  the  safety  of  water 
formation  can  be  reached.  Meanwhile,  even  the  most  enthusi¬ 
astic  supporters  of  the  policy  admit  that  it  cannot  be  expected  to 

factor ate  CanCS’  and  nUtriti°n  WiH  undoubtedly  continue  as  a 
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In  Conclusion 


From  the  strictly  nutritional  viewpoint,  there  appear  to  be  at 
least  five  factors  important  to  good  teeth  and  gums:  calcium,  phos¬ 
phorus,  and  vitamins  D,  C,  and  A.  If  much  of  the  nutritional  in¬ 
vestigation  of  dental  problems  seems  inconclusive,  this  is  probably 
largely  due  to  attempts  to  fasten  upon  the  factor  where  in  reality  a 
combination  of  factors  may  be  involved.  Approached  more  broadly, 
the  evidence  is  strong  and  fairly  clear:  such  choice  of  food  as  the 
newer  knowledge  of  nutrition  teaches  is  unquestionably  advan¬ 
tageous  to  the  teeth. 

There  is  also  strong  evidence  that  nutrition  is  not  the  only  way 


in  which  food  affects  the  teeth. 

Hence,  high  intakes  of  protective  foods  and  a  low  consumption 

of  sugar  are  both  important. 

Boyd  (1942)  recommends  the  following  daily  diet  for  the  normal 
child:  “1  quart  milk;  1  or  2  eggs;  two  4-ounce  servings  of  suc¬ 
culent,  leafy,  and  root  vegetables;  two  4-ounce  servings  of  fruit, 
one  of  which  should  be  orange  or  other  raw  fruit  (tomato  may  be 
used  as  a  substitute)  ;  one  serving  meat,  fish,  fowl,  or  liver;  1  tea¬ 
spoon  codliver  oil;  and  supplementary  foods  such  as  potatoes, 
starches,  bread  and  other  cereal  products,  sweets  and  fats,  in 
amounts  sufficient  to  complete  the  caloric  requirement  for  full 

activity.5'  _  . 

The  Forsyth  Dental  Clinic  is  reported  as  finding  that  caries 

incidence  decreased  79  per  cent  in  that  part  of  its  child  population 
which  followed  a  dietary  of  the  sort  just  outlined,  while  among 
children  of  the  same  age  and  locality  on  unreformed  diet  it  in¬ 
creased  1 3  per  cent.  . 

Amonf  the  few  conclusions  which  Marshall  considered  to  be  jus¬ 
tified,  by  a  critical  examination  of  the  extensive  literature  of  canes 
up  to  1939,  was  that  dietary  supervision  has  reduced  the  num 
of  carious  teeth,  and  that  the  application  of  the  newer  knowledge 
of  nutrition  during  pregnancy  and  lactation  is  beneficial  to 

mTnearroreCrecent  (December  1945)  survey  of  the  literature  ^ 

special  committee  of  the  National  Research  Council,  it  was  ab 
concluded  that:  “there  is  a  strong  association  between  diet 
susceptibility  to  dental  caries.  Arrest  of  dental  canes  activity  and 
reduction  iJthe  initiation  of  new  lesions  can  be  maintained  for  long 
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periods  by  adherence  to  a  fully  adequate  dietary  regimen.”  Al¬ 
though  this  Committee  further  pointed  out  that,  of  specific  nutri¬ 
tional  factors,  only  an  adequate  intake  of  vitamin  D  and  a  good  re¬ 
tention  of  calcium  and  phosphorus  had  yet  been  demonstrated  be¬ 
yond  doubt  to  have  a  part  in  caries  control  in  man,  leaving  many 
questions  still  open,  we  are  inclined  to  share  the  optimistic  view  of 
McCollum  that:  “At  any  rate  we  now  know  how  to  produce  good 
teeth  as  respects  structure  and  how  to  preserve  them  in  considerable 
measure  from  decay.  We  may  confidently  expect  that  further  re¬ 
searches  will  within  a  few  years  see  complete  unanimity  of  opinion 
as  to  the  factors  which  operate  to  cause  caries-susceptibility.  Nutri¬ 
tional  research  has  scored  a  great  achievement  in  the  field  of  dental 
science.” 


EXERCISE 

After  study  of  the  available  literature,  including  that  later  than  the 
suggestions  listed  below,  write  a  paper  of  from  200  to  500  words  sup¬ 
plementary  to  the  foregoing  chapter. 
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XIX 


NUTRITIONAL  CHARACTERISTICS 
OF  FOOD  COMMODITIES 


Foods  may  properly  be  grouped  in  different  ways  according  to 
the  purposes  in  view.  “The  basic  seven”  was  and  is  a  useful  device 
for  giving  emphasis  to  certain  main  types  of  foods;  and  guidance 
toward  the  choice  of  balanced  diets  by  consumers  who  need  not 
be  versed  in  nutritive  values.  For  fuller  considerations,  and  espe¬ 
cially  such  as  involve  the  finding  of  common  ground  of  understand¬ 
ing  between  nutritionists  and  agricultural  economists,  the  most 
advantageous  plan  seems  to  be  that  of  classifying  all  foods  into 
from  ten  to  twelve  groups,  taking  account  both  of  nutritional  char¬ 
acteristics  and  of  economic  or  commodity  relationships,  either  in 
production  or  consumption  or  both. 

Ten  food  groups  may  well  be:  (1)  the  cereal  grains  and  their 
products;  (2)  mature  legumes  and  nuts;  (3)  potatoes  and  sweet- 
potatoes;  (4)  green  and  yellow  vegetables;  (5)  citrus  fruits  and 
tomatoes;  (6)  other  fruits  and  vegetables;  (7)  milk  and  its  prod¬ 
ucts  other  than  butter;  (8)  meats,  fish,  poultry,  and  eggs;  (9) 
butter  and  other  fats;  (10)  sugar  and  other  sweets.  A  frequent 
modification  of  this  is  to  treat  eggs  separately,  making  a  total  of 
1 1  groups.  Less  frequently,  butter  is  treated  as  separate  from  other 
fats. 

In  the  terms  of  the  agricultural  economist,  the  grains,  vegetables, 
and  fruits  are  primary  or  “direct  food  crops”  coming  directly 
from  the  soil  into  human  consumption;  while  milk,  meat,  poultry, 
and  eggs  are  secondarily  derived’  by  the  “processing”  of  crops 
through  animals;  and  fats  and  sugars  are  in  a  third^conomic  cate¬ 
gory  because  to  so  large  an  extent  they  are  products  of  industrial 
technology  as  well  as  of  agriculture. 

In  this  chapter,  we  shall  consider  the  nutritional  characteristics, 
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place  in  the  diet,  and  some  of  the  commodity  relationships  of  each 
of  the  ten  food  groups  just  listed.  The  order  of  this  listing  affords, 
in  our  opinion,  the  clearest  sequence  in  thinking  of  the  place  of  each 
food  group  in  the  dietary  when  we  assume  that  full  use  is  made  of 
each  group  in  its  turn  as  here  arranged. 

A  governmental  study  of  the  distribution  of  the  food  expendi¬ 
tures  of  American  families  among  these  ten  food  groups,  and  the 
contribution  of  each  of  these  groups  to  the  chief  different  factors 
of  nutritive  value  of  the  total  dietary  or  food  supply,  is  shown  in 
Table  28. 

The  student  is  advised  to  refer  back  to  this  table  frequently  in  the 
following  study  of  the  nutritional  characteristics  and  economy  of 
each  food  group. 

Table  28.  Relative  Cost  and  Contributions  to  Nutritive  Value  of  Diet:  10  Food  Groups 
(. American  Family  Dietaries,  1942:  U.  S.  Dept.  Agriculture ) 


Food  Group 

Per¬ 

centage 

°f 

Total 

Food 

Cost 

Calo¬ 

ries 

1.  Grain  products® 

11 

30 

2.  Dry  beans,  peas,  nuts 

1 

3 

3.  Potatoes,  sweetpota- 

toes 

3 

5 

4.  Citrus  fruits,  tomatoes 

6 

2 

5.  Green  and  yellow 

vegetables 

5 

1 

6.  Other  vegetables  and 

fruits 

8 

4 

7.  Milk  and  its  products 

other  than  butter 

17 

14 

8.  Meat,  fish,  poultry 

and  eggs 

30 

13 

9.  Butter  and  other  fats 

10 

19 

10.  Sugar  and  other 

sweets 

3 

8 

Miscellaneous 

2 

1 

Percentage  Contribution  of  Each  Nutrient  by 
Each  Food-Group 


t  Vlta~.  Thi-  Ribo-  Vita- 
ron  min  -  am[ne  JJavin  min  C 
Value 


Food  adjuncts  ^ 


12  21 
3  11 


3 

1 

2 

2 


2 

3 

5 

3 

65 

5 

6 

2 

6 


7 
4 

8 

6 

7 

31 

2 

3 

b 


b 

b 

6 

7 

39 

6 

15 

16 
11 

b 

b 


22 

6 

8 

6 

6 

3 

8 

37 

4 

6 

b 


9 

3 

4 

2 

5 
5 

43 

28 

1 

b 

b 


0 

0 

13 

35 

31 

13 

6 

1 

0 


No  attempt  to  estimate  nutrients  in  these 


35  per  cent  of  flour  counted  as  enriched. 
6  Less  than  0.5  per  cent. 
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Grain  Products 

Cereal  grains  and  their  milling  and  bakery  products  are  still  the 
staff  of  life  in  the  sense  that  this  food-group  contributes  a  larger 
proportion  of  nutriment  to  a  larger  part  of  the  world’s  people  than 
does  any  other. 

As  the  late  Sir  Frederick  Hopkins  summarized  the  historic  place 
of  these  foods  in  our  diet:  “Circumstances  have  to  be  very  excep¬ 
tional  indeed  when  the  growing  of  cereals  does  not  yield  an  energy 
supply  for  the  worker  at  less  cost  and  with  less  relative  effort  than 
any  other  method  of  food  production.  Economic  and  social  factors 
usually  tend  to  make  bread  by  far  the  most  convenient  form  in 
which  the  cereals  can  reach  the  individual  consumer.  The  nations 
of  the  West  have  acquired  the  habit  of  demanding  a  well-piled  loaf, 
and  for  this  the  special  properties  of  wheat  gluten  seem  necessary. 
Hence  the  reliance  on  wheat  in  the  West.” 

Stiebeling  and  Phipard  (1939)  found  in  their  comprehensive 
study  of  American  family  food  consumption  that,  “in  all  regions, 
and  whatever  the  level  of  food  expenditure,  the  largest  share  of  the 
calories  was  derived  from  the  grain  products.” 

It  was,  of  course,  because  flour  and  bread  are  consumed  in  such 
amounts  by  so  large  a  majority  of  the  people,  that  attention  was 
attracted  to  this  food-group  as  a  practicable  means  of  improving 
broadly  and  promptly  “the  nutritional  environment  in  which  our 
people  live,”  through  the  enrichment  “program,”  or  “movement.” 

Six  cereal  grains  rice,  wheat,  corn  (maize),  oats,  barley,  and 
rye  are  important  in  human  nutrition.  Their  relative  prominence 
is  subject  to  wide  geographic  variation,  partly  due  to  climate  and 
partly  to  differing  preference  of  different  peoples.  When  corn  and 
oats  are  referred  to  as  “feed”  grains,  it  does  not  mean  that  they 
lack  suitability  for  use  as  human  food;  but  rather  that  (in  the 
United  States,  at  least)  our  normal  crops  of  corn  and  oats  so 
greatly  exceed  the  amounts  desired  for  human  food  that  large 
quantities  remain  for  animal  feeding. 

Outstanding  characteristics  of  the  grain  products  are:  their 
acceptability  and  cheapness  as  sources  of  food  calories  and  protein- 
and  also  (in  their  whole  grain  or  enriched  or  restored  forms)  as 
•  ounes  of  iron,  thiamine,  and  niacin.  Nutritionally  they  need  sup¬ 
plementation  in  calcium,  vitamins  A  and  C  and  in  riboflavin  -  and 
o  make  a  diet  fully  satisfactory  for  growth,  reproduction,  or  lac- 
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tation  the  grain  protein  needs  moderate  supplementation  with  some 
protein  or  proteins  richer  in  lysine  and  tryptophane.  In  addition  to 
its  strictly  nutritional  characteristics,  this  food-group  aids  the  di¬ 
gestive  process  by  conferring  a  favorable  texture  upon  the  food 
mass  and  its  residue  in  the  alimentary  tract. 

Present-day  conditions  therefore  make  it  logical  for  nutrition¬ 
conscious  people  to  consider  anew  whether  we  may  not  advocate 
a  somewhat  larger  place  for  grain  products  in  American  dietaries 
than  that  to  which  they  had  sunk  by  about  1940. 

During  the  year  1940-41  the  National  Research  Council  re¬ 
established  its  Committee  on  Food  and  Nutrition  (later  renamed 
Food  and  Nutrition  Board)  and  sponsored  its  collaboration  with 
the  Food  and  Drug  Administration  and  the  milling  and  baking 
industries.  The  resulting  Enrichment  Program  or  Movement  has 
been  fully  recorded  by  R.  M.  Wilder  and  R.  R.  Williams  in  their 
bulletin  entitled,  “Enrichment  of  Flour  and  Bread:  A  History  of 
the  Movement”  published  by  the  National  Research  Council. 

Awakening  realization  of  the  nutritional  desirability  of  enrich¬ 
ing  white  bread  led  to  studies  of  other  enrichments  as  well  as  the 
one  for  which  the  name  Enriched  was  officially  authorized.  Under 
the  title,  “What  the  Consumer  Should  Know  About  Bread,”  Pro¬ 
fessor  C.  M.  McCay  of  Cornell  has  reviewed  in  the  Journal  of 
Home  Economics  of  April  1949  several  ways  of  increasing  the  nu¬ 
tritive  value  of  bread  by  incorporating  in  the  flour  or  dough  such 
protein  concentrates  as  soy  flour,  non-fat  dry  milk  solids,  dry 
yeast,  wheat  germ,  corn  germ,  and  dry  whey.  McCay  concludes 
that  bread  is  “a  superb  medium”  for  these  special  protein  concen¬ 
trates  and  that  “the  difference  in  cost  between  a  very  poor  bread 
and  one  of  very  high  nutritive  value  ranges  only  between  one  half 


and  one  cent  per  pound  loaf.”  . 

For  some  years  before  the  initiation  of  the  movement  for  enrich¬ 
ing  flour  and  bread  with  thiamine,  riboflavin,  niacin,  and  iron  there 
had  been  a  general  trend  toward  a  wider  and  larger  use  of  m.lk 
and  especially  of  skim-milk  powder  (“non-fat  dry  m.lk  solids  in 
bread-making.  Such  addition  of  significant  amounts  of  m.lk  so hd 
obviously  enriches  the  bread  in  its  protein  and  calcium  as  well  a 
some  of  its  vitamin  values.  The  process  to  which  the  term  enrich¬ 
ment  has  been  officially  assigned  is  not  a  rival  project  but  a  ur 
step.  We  should  stimulate  consumer  demand  fo.  bread  w  h 
been  enriched  in  both  ways.  According  to  Prouty  and  Cat  • 
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(1939)  a  considerable  proportion  of  the  white  bread  made  in  the 
United  States  in  recent  years  has  contained  enough  of  milk  solids 
to  double  its  earlier  calcium  content.  Mineral  salt  mixtures  used 
as  “yeast  food”  in  bread-making  also  increase  the  calcium  content 
of  the  resulting  bread.  Another  means  of  enrichment  of  bread  in 
vitamins  of  the  B  group  is  the  use  of  specially  grown  yeast  of 
extra  high  vitamin  content.  And  always  it  is  open  to  the  consumer 
to  demand  bread  from  which  less  of  the  nutriment  has  been  re¬ 
moved  in  the  milling  process,  or  to  which  the  germ  has  been 
returned. 

Mature  Legumes  and  Nuts 


Mature  legumes  and  nuts  are  grouped  together  as  direct  food 
crops  rich  in  proteins  and  thiamine.  They  doubtless  deserve  a  larger 
place  in  our  dietaries  than  we  have  yet  learned  to  give  them. 

In  their  production,  ordinary  dry  beans  are  much  like  a  grain 
crop;  and  are,  indeed,  sometimes  grouped  with  grains  in  agricul¬ 
tural  discussion.  They  are,  however,  almost  twice  as  rich  in  pro¬ 
teins  as  are  the  cereal  grains.  And  soybeans  (dry)  are  almost  twice 
as  rich  in  protein  as  are  ordinary  beans.  The  protein  both  of  ordi¬ 
nary  and  of  soy  beans,  needs  cooking  to  make  it  readily  digestible; 
and  the  nutritive  value  of  bean  protein  is  often  under-rated  be¬ 
cause  of  feeding  experiments  in  which  it  was  fed  raw.  More  recent 
research  has  shown  that  the  protein  of  beans,  when  cooked  as  it  is 
for  human  consumption,  need  not  be  discriminated  against  either 
on  grounds  of  digestibility  or  of  the  nutritive  value  of  the  amino 
acid  mixture  which  these  proteins  yield  upon  digestion. 

Every  food  protein  yields  a  somewhat  different  mixture  of  amino 
acids— not  so  much  different  in  kind  as  in  the  quantitative  propor¬ 
tions  in  which  the  same  kinds  of  amino  acids  are  present.  The  one 
which  is  present  in  smallest  amount,  relative  to  the  need  of  the 
person  or  animal  being  fed,  is  called  the  limiting  amino  acid.  This 
term  may  be  used  whether  we  are  speaking  of  an  individual  pro- 
em  or  of  the  protein  mixture  contained  in  a  food  or  a  diet.  Thus 
according  to  present-day  knowledge,  the  “limiting”  amino  acid  of 
3eans  is  cystine-plus-methionine,  while  that  of  wheat  is  lysine  Thus 
ht  proteins  of  beans  and  those  of  wheat  (or  flour)  hive  supple'- 

Ihh  blkld  beleaCh  °T  and  thC  Sm'inS  °f  ^own  b«ad 

ked  beans  is  good  nutritional  practice.  Hence  also  we  see 
Hat  ,t  ,s  entirely  consistent  to  make  baked  beans  ( “  a  thick  p“a 
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soup)  the  “main  dish"  of  the  largest  meal  on  some  days,  while  on 
other  days  or  at  other  meals  a  different  protein  food  may  be  chosen 
to  balance  or  supplement  the  wheat  or  bread  protein. 

Because  no  one  of  the  essential  amino  acids  is  apt  to  be  entirely 
lacking  from  any  natural  food  it  is  better  to  speak  of  the  amino 
acid  which  is  present  in  relatively  smallest  amount  as  the  limiting 
amino  acid,  rather  than  to  say  that  the  food  protein  is  “deficient” 
in  it. 

The  proteins  of  ordinary  beans,  of  soybeans,  of  peas,  and  of  such 
nuts  as  have  been  sufficiently  studied  to  permit  a  judgment,  cer¬ 


tainly  of  peanuts,  all  have  proteins  very  similar  to  those  of  meat 
and  all  can  be  used  as  nutritionally  good  alternatives  for  meat  to 
a  much  larger  extent  than  they  yet  are  in  the  United  States.  Also 
these  are  all  protein-rich  crops  which  American  farmers  can  readily 
produce  more  abundantly  as  rapidly  as  consumers  will  buy  them. 
These  facts  were  thoroughly  studied  from  many  viewpoints,  espe¬ 
cially  during  the  Second  World  War,  and  may  be  emphasized  with 

confidence. 

Peanut  butter  spread  on  white  bread  tends  to  restoie  the  pro¬ 
tein,  vitamin,  and  some  of  the  mineral  values  of  the  whole  wheat 
grain  which  are  rejected  in  the  milling  process. 

The  peanut,  of  course,  is  a  legume  comparable  with  peas,  beans 
(including  soybeans),  and  lentils.  Most  other  nuts  (“real"  nuts  as 
some  fanciers  say)  are  botanically  fruits  and  agriculturally  tree 
crops.  The  culture  of  nut  trees  and  the  consumption  of  nuts  mign 

well  be  increased.  f 

Table  29  (beyond)  shows  the  approximate  amounts  ol  eacn  oi 

the  amino  acids  now  called  essential  in  the  sense  explamed  in  Chap¬ 
ter  VI  in  each  of  several  foods  and  food-proteins.  These  are  the 
data  of  Horn,  Jones,  and  Blum,  published  by  the  United  States 

Department  of  Agriculture  in  1950. 

The  high  nutritive  value  of  beans  is  true  also  of  peas  (dry,  or  as 
dry-equivalent  of  fresh  or  canned  peas)  and  these  two  legumes  may 
well  be  considered  as  alternative  “meat  substitutes^  A,‘"natl»e!  * 
the  better  word,  but  the  continued  use  of  the  word  substitutes 
true  indication  that  a  prejudice  still  exists. 

Nuts  are  an  alternative  toward  which  there  is  less  of jc^ 
prejudice  than  toward  beans,  but  most  of  us  still  do  not  t 
as  seriously  as  they  deserve,  as  one  of  the 
groups.  The  well-deserved  popularity  of  peanu 
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might  advantageously  serve  as  an  introduction  to  a  much  larger  use 
of  nuts  in  American  dietaries.  A  generous  dish  of  mixed  nuts  or  of 
fruit-and-nut  salad  can  well  be  the  main  dish  of  luncheon  or  dinner 
and  an  interesting  and  labor-saving  way  of  diversifying  the  diet. 

Thus  there  are  good  reasons,  nutritional  and  economic,  for  giving 
increased  emphasis  to  this  food-group  in  American  dietaries.  One 
can  confidently  expect  that  money  thus  spent  will  bring  much  more 
than  its  pro  rata  share  of  nutrients.  If  increasing  acquaintance  of 
consumers  with  these  facts  increases  the  consumer  demand  for 
beans,  peas,  soy-bean  products,  peanuts,  and  peanut  butter,  Ameri¬ 
can  agriculture  can  readily  supply  the  increased  demand  with  little 
if  any  increase  of  price.  These  are  crops  which  are  relatively  easy 
to  grow  and  to  handle  and  which  tend  to  increase  the  fertility  of 
the  soil  because  they  “fix”  nitrogen  from  the  air  in  the  form  of 
compounds  available  to  other  plants  as  well  as  themselves.  Careful 
investigations  made  during  the  Second  World  War  showed  clearly 
that  only  easy  adjustments  favorable  to  agriculture  would  be  in¬ 
volved  in  meeting  even  a  largely  increased  demand  for  the  foods 
of  the  legume  group. 


Potatoes  and  Sweetpotatoes 

These  two  foods  are  not  closely  related  botanically — which  is  the 
reason  for  making  sweetpotato  a  single  word.  And  to  bracket  them 
together  may  seem  odd  from  the  viewpoint  of  the  fact  that  sweet- 
potatoes  are  an  important  source  of  vitamin  A  while  (ordinary) 
potatoes  are  not.  But  from  the  viewpoint  both  of  agricultural  pro¬ 
duction  and  household  use,  they  are  sufficiently  of  the  nature  of 
alternatives  (as  foods  chiefly  grown  for  their  calorie  values,  and 
characterized  by  high  carbohydrate  content)  to  warrant  their  bein? 

racketed  as  one  of  the  1 0  or  1 1  groups  into  which  we  find  it  helpful 
to  classify  all  of  our  important  foods. 

If  a  single  term  were  being  chosen  to  characterize  this  food  group 
■t  would  probably  be  starchy.  In  this  respect  they  are  like  the  grains! 

h°me  fUdentS  °f  food_suPP1y  problems  count  together  the 

iowC“nrot  d  r°°tS’  ,and  tUberS  38  f°°dS  °f  relative'y  Iow  and 

omedP  a Si  V  °?  fWhiCh  “*  pe°pks  °f  Some  — s  are 
orced  largely  to  live,  and  from  which,  when  economically  able 

the>  tend  to  shift  toward  diets  higher  in  protein  and  fat  and  per’ 

haps  more  divers, fied  in  other  respects  also  ’  P 
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But  potatoes  and  sweetpotatoes  are  not  such  “one-sided”  foods 
as  most  people  probably  suppose  them  to  be.  In  the  average  of  the 
presumably  representative  American  family  dietaries  summarized 
in  Table  28,  it  may  be  seen  that  an  investment  of  3  percent  of  the 
food  money  in  this  food-group  brought  a  return  of  5  percent  of  the 
calories;  3  percent  of  the  protein;  2,  of  the  calcium;  7,  of  the  iron; 
6,  of  the  vitamin  A  value;  8,  of  the  thiamine;  4,  of  the  riboflavin; 
and  13  percent  of  the  vitamin  C.  Thus  the  investment  in  this  food- 
group  brought  a  return  which  was  not  only  large  in  proportion  to 
its  cost  but  also  fairly  well  distributed  over  the  different  main  fac¬ 
tors  in  the  nutritive  value  of  the  diet. 


Green  and  Yellow  Vegetables 

Green  and  yellow  vegetables  are  grouped  together  because  of  their 
relatively  high  vitamin  A  values.  We  say  “values”  rather  than 
“contents”  because,  as  previously  explained,  these  foods  contain 
not  vitamin  A  itself  but  precursors  (or  provitamins  A) — notably 
carotenes — which  the  body  transforms  into  vitamin  A  and  then 
uses  in  the  same  manner  as  if  it  had  received  the  vitamin  A  directly 
from  the  food  itself.  The  fact  that  the  chief  precursors  are  named 
carotenes  for  the  carrot  makes  it  easy  to  remember  that  high  vita¬ 
min  A  value  is  characteristic  of  most  yellow  as  well  as  all  green 
vegetables.  In  the  latter,  however,  the  yellow  color  is  hidden  by 
the  presence  of  the  intensely  green  chlorophyll. 

The  economy  of  this  food-group  compared  with  others,  as  sources 
of  vitamin  A,  is  illustrated  in  Table  28.  In  the  American  dietaries 
there  summarized,  the  expenditure  for  green  and  yellow  vege¬ 
tables  was  only  5  percent  of  the  total  food  expenditure,  yet  it 
brought  39  percent  of  the  total  vitamin  A  value.  This  group  also 
supplied  5  percent  of  the  calcium,  8  percent  of  the  iron,  6  percent 
of  the  thiamine,  5  percent  of  the  riboflavin,  and  31  percent  of  the 
vitamin  C.  As  we  saw  in  Chapter  XV  that  liberal  intake  of  vitamin 
A  is  very  beneficial  to  health  and  longevity,  a  food  group  so  rich  in 
vitamin  A  value  and  which  also  contributes  importantly  to  several 
other  factors  of  nutritive  value,  is  one  which  might  well  be  pro¬ 
moted  to  a  larger  place  in  our  dietaries.  Experts  of  the  U.  S. 
partment  of  Agriculture  have  recommended  that  production  an 
consumption  of  this  food-group  be  increased  promptly  by  ^  to  - 
percent  which,  they  report,  would  be  a  very  practicable  a  jus 
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which  the  growers  of  these  foods  could  easily  make  just  as  rapidly 
as  there  is  prospect  of  sufficient  consumer  demand. 

Early  in  the  era  of  the  newer  knowledge  of  nutrition  McCollum 
emphasized  the  efficiency  of  green  leaves  in  supplementing  seeds 
and  their  products  in  the  dietary;  and  attributed  this  to  the  rela¬ 
tive  richness  of  the  green  leaf  foods  in  both  calcium  and  vitamin  A 
value.  Quinn  and  coworkers  showed  that  vitamin  A  value  accom¬ 
panies  greenness  not  only  in  leaves  but  also  in  green  peppers  and 
green  beans.  The  green  and  yellow  vegetables  are  quite  varied  both 
botanically  (as  to  the  kind  and  the  organ  of  the  plant)  and  in 
nutritional  character.  Illustrations  are  as  follows: 

Beans,  green  snap  or  string,  succulent  green  pods  with  immature 
seeds,  have  shown  600  to  1200  International  Units  of  vitamin  A 
value  per  100  grams.  This  is  a  value  worth  taking  into  account, 
though  much  below  those  of  typical  dark  green  leaves.  Broccoli 
comprises  flower  buds  together  with  accompanying  twigs  and 
leaves.  This  total  edible  portion  has  shown  3000  to  7000  I.U.*  per 
100  grams.  If,  as  is  sometimes  done,  the  leaves  are  rejected,  about 
two-thirds  of  the  vitamin  A  value  is  thereby  lost;  the  other  third 
is  in  the  flower  buds,  the  twigs  having  only  traces.  The  leaves  are 
also  richer  than  either  the  flower  buds  or  the  twigs  in  riboflavin 
and  calcium,  while  the  flower  buds  are  the  richest  in  phosphorus, 
■broccoli  is  easily  grown  in  home  gardens,  and  is  now  also  a  fairly 
staple  market  commodity.  The  plant  branches  freely  and  not  only 
does  each  branch  produce  a  head  or  spray  of  flower  buds  but  when 
ese  are  plucked  at  the  succulent  stage  successive  crops  are  borne 
through  a  long  season.  Cabbage  varies  from  a  loose  bunch  of  green 
leaves  of  good  vitamin  A  and  C  value  to  a  tight  head,  most  of 
Which  is  nearly  colorless  and  of  but  little  vitamin  A  value  which 
however  contains  a  worthwhile  amount  of  vitamin  C.  Carrots  con 
-am  carotene  not  masked  by  chlorophyll  so  the  intenskv  of  the 

tZTrT'l  C°l0t  “  r°Ughly  Pr°P°rtiona,e  to  the  vitamL  A 
alue.  This  has  been  reported  from  2000  to  12000  T  T I  inn 

Tams,  increasing  with  the  growth  of  the  car  ot  V J/ V"  “ 

mportant  vegetable  in  the  Southern  states;  but  as  ye  7l 950)' a"" 

lot  much  brought  to  the  Northern  markets  T Z  *  ■  7 

eribed  as  something  midway  between  green  cabbala '  77  T 

We  is  a  deep  green  leaf  food  of  high  vitamin  A  valueld  vlta^n 

leL7dUi„X.e0rXrnati0nal  U"i,S  °f  “  A  value.  This  uni,  has  been 
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G  content.  It  is  hardy,  and  rapidly  replaces  the  leaves  harvested 
from  it  so  that  it  is  available  fresh  throughout  the  entire  year.  Its 
vitamin  A  value,  and  its  vitamin  G  and  calcium  content  are  all 
high.  Its  nutritive  values  are  outstanding  and  deserve  to  make  it 
the  green  leaf  food  of  choice.  Its  superiority  to  spinach  has  been 
explained  in  Chapter  VIII.  Its  vitamin  A  value  is  of  the  order  of 
7,000  to  20,000  International  Units  per  100  grams.  Turnip  greens 
are  comparable  with  kale.  Watercress  consists  too  largely  of  stem 
to  equal  kale  and  turnip  greens,  but  is  very  pleasant  to  eat  raw 
and  can  be  a  worthwhile  source  of  calcium,  vitamins  A  and  C, 
and  riboflavin.  In  the  famous  experiments  (described  below)  of 
Dr.  H.  C.  C.  Mann  in  which  various  foods  were  tried  as  supple¬ 
ments  to  the  diet  of  a  boys  school,  milk  stood  first  and  watercress 
second  in  outcome. 

Citrus  Fruits  and  Tomatoes 

Citrus  fruits  and  tomatoes  are  likely  to  retain  the  high  esteem  they 
now  enjoy  as  rich  and  reliable  sources  of  vitamin  C,  even  though 
we  are  learning  that  potatoes,  sweetpotatoes,  and  leaf  vegetables 
can  readily  be  so  handled  as  also  to  constitute  important  sources 
of  this  vitamin.  This  is  true  because  we  now  have  good  evidence 
that  we  derive  added  benefit  from  increased  intake  of  vitamin  C 
up  to  several  times  the  amount  which  is  needed  to  protect  from 
manifest  scurvy.  Also  these  foods  are  now  such  well-established 
staples  that  there  is  little  danger  of  disturbingly  large  fluctuations 
in  market  supplies  or  in  cost  to  consumers. 


Other  Fruits  and  Vegetables 

Other  fruits  and  vegetables,  while  not  such  outstanding  sources 
of  individual  nutrients,  are  good  all-around  contnbutors  to  th 
mineral  content  and  vitamin  values  as  well  as  to  commendable 
diversification  of  diet.  They  also  contribute  to  the  body  s  g  <j 
intestinal  hygiene,  and  its  alkaline  reserve  for  the  msuran 

ne  Uber  J  le^"  S^ese  other  fruits  and.getab.es 
usually  makes  the  dietary  as  a  whole  both  more  pa  ^ 

nutritionally  better-balanced  than  the  Amencan 
also  advised  that  a  larger  consumer  demand  for  these 
and  vegetables  tends  to  a  better-balanced  agriculture. 
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When  each  of  the  six  food-groups  of  the  preceding  paragraphs 
is  studied  (preferably  in  the  sequence  suggested  at  the  beginning 
of  this  chapter)  from  the  point  of  view  of  making  full  use  of  what 
it  offers,  probably  each  student  will  find  good  reasons  for  giving 
each  of  these  six  food-groups  a  somewhat  larger  place  in  the  diet 
than  it  is  at  present  generally  given  in  American  dietaries.  This  is 
partly  because  our  American  food  habits  have  hitherto  been  more 
or  less  tradition-bound  and  partly  because  today’s  newer  knowledge 
of  nutrition  affords  us  much  clearer  and  fuller  guidance  to  good 
use  of  food  resources  than  has  ever  been  available  before.  And  one 
who  now  plans  a  food  budget  in  this  way  will  probably  be  surprised 
to  find  in  what  a  large  degree  nutritional  needs  can  advantageously 
be  met  from  the  six  food-groups  which  are  economically  the  “direct 
food  crops.”  Very  probably  the  only  nutritional  factors  seeming  to 
need  further  attention  will  be  animal  protein,  calcium,  and  ribo¬ 
flavin;  and  of  all  of  these  milk  is  an  outstanding  source.  This  is  also 
true  of  all  the  staple  products  of  milk  except  butter. 


Milk 

Milk  ( with  its  products  other  than  butter )  thus  becomes  the 
logical  seventh  food-group  of  the  present  classification.  It  stands  in 
a  class  by  itself  in  the  economy  and  efficiency  with  which  it  makes 
good  such  low  points  as  may  remain  when  present-day  knowledge 
has  been  applied  to  the  problem  of  making  full  use  of  the  foods  of 
the  six  preceding  groups.  For  the  past  forty  years  the  science  of 
nutrition  has  emphasized  in  its  non-technical  teaching,  the  saying 
that:  The  dietary  should  be  built  around  bread  and  milk  ”  This 
teaching  has  shown  beneficial  results  in  an  increased  per 'capita 
consumption  of  milk,  while  at  the  same  time  the  more  recent  re- 
search  has  shown  still  stronger  scientific  support  for  such  emphasis 
as  ,n  the  supplementary  relations  of  milk  proteins  to  those  of  grains 
and  other  seeds  the  benefits  of  liberal  amounts  of  food  calcium,  and 

flhavd  fVe?  u /‘he  flstence  and  nutritional  importance  of  ribo- 

cal  American'diemries)3  C^"m  ^  ^  SUPPIier  *  *ypi- 

According  to  the  official  estimates  of  the  U.  S.  Department  of 

£1l¥“’iJf'?rnPd"  --"timatedTatdi  per 

cent  was  used  for  the  factory  production  of  dairy  products,  so  th£ 
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presumably  about  half  of  the  milk  produced  or  a  little  over  one  pint 
a  day  for  each  person  comes  into  human  consumption  as  fluid 
milk  and  cream.  Nutritionally  it  makes  little  difference  whether 
milk  is  consumed  as  such  or  in  such  forms  as  canned  or  dried  milk, 
ice  cream,  and  cheese.  But  butter  making  is  apt  to  involve  a  large 
loss  to  human  nutrition  of  the  skimmed  milk  from  butter  manu¬ 
facture.  Gradually,  however,  dried  skimmed  milk  is  being  brought 
more  fully  into  human  consumption.  There  should  be  no  inter¬ 
ference  between  a  growing  use  of  fresh  milk  and  cream  on  the 
one  hand  and  (on  the  other)  milk  products  other  than  butter. 

With  some  fluctuations  from  year  to  year,  the  per  capita  pro¬ 
duction  and  consumption  of  milk  in  the  United  States  has  been 
increasing  for  a  generation  and  will  probably  continue  to  increase 
with  growing  knowledge  of  the  nutritional  importance  of  liberal 
consumption  of  milk  as  such  or  in  the  form  of  its  staple  products 
other  than  butter. 

A  February  1950  estimate  of  city  consumption  of  milk  and  its 
products  other  than  butter  as  milk  equivalent  was  4^  quarts  a  per¬ 
son  a  week.* 

Dr.  H.  C.  Corry  Mann’s  experiment  of  1922-26  with  English 
school  boys,  is  of  great  interest  and  significance.  Its  problem  was: 
Whether  a  typical  English  dietary,  which  had  been  planned  and 
adopted  “with  every  consideration  for  the  welfare  of  those  to  be 
nourished  by  it”  would  be  improved  by  increasing  the  proportion 
of  what  were  beginning  to  be  called  “protective  foods”— milk  and 
green  leaf  vegetables— and,  if  so,  to  what  nutrient  factor  would  the 

improvement  be  due?  a  ,.  « 

That  is,  starting  from  a  baseline  dietary  which  was  medical  > 

adjudged”  to  be  adequate  according  to  the  nutritional  knowledge 
of  1922  could  improved  results  in  human  nutrition  be  obtained  y 
simple  supplementary  feeding  guided  by  the  “newer  knowle  ge 
then  beginning  to  be  suggested  by  nutritional  researc  . 

The  subjects  of  this  investigation  were  English  boys  living  m  a 
village-type  boarding  school  1 1  miles  from  London  where  500  to 
600  boyIPbetween  7  and  11  years  of  age  lived  continuously,  ear 
Z  for  1  to  1 2  months  of  each  year.  This  school-village  comprised 
19  cottages  and  a  central  dining  hall.  Each  cottage  housed  about 
SO  boys.  And  the  boys  of  each  house  had  their  own  dining  table. 

.  U  .  8  Dept.  Agriculture,  Food  Consumption  Surveys  of  .948,  “Dairy  Prod- 
ucts  in  City  Diets,”  Commodity  Summary  No.  6. 
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Boys  of  House  No.  1  received  the  regular  diet  of  the  school  and 
served  as  the  direct  control  group  for  each  of  seven  other  groups 
as  follows: 

Each  boy  of  House  No.  2  received  the  regular  diet  plus  a  supple¬ 
ment  of  1  pint  of  extra  milk  a  day  (388  Calories) ;  those  of  House 
No.  3  received  essentially  the  same  number  of  supplementary  Calo¬ 
ries  (350  a  day)  of  sugar;  those  of  House  No.  4  received  387  Calo¬ 
ries  of  supplementary  butter  a  day;  those  of  Houses  Nos.  5  and  6 
each  received  a  supplement  of  ^  to  f  ounce  of  watercress  daily; 
those  of  House  No.  7  received  a  daily  supplement  of  casein,  equal 
to  the  amount  of  protein  in  the  pint  of  extra  milk  which  was  fed  to 
each  boy  of  House  No.  2 ;  and  those  of  House  8  each  received  daily 
379  Calories  of  vegetable  margarine  (vitamin-free  fat)  a  day.  With 
all  other  conditions  very  carefully  held  uniform,  the  boys  receiving 
the  supplement  of  extra  milk  did  best;  and  those  receiving  the 
watercress,  second  best. 

The  discussion  in  the  official  report  of  the  experiment  is  cen¬ 
tered  mainly  upon  the  effects  of  the  supplementary  milk  as  shown 
by  comparison  of  the  boys  receiving  it  with  those  of  the  control 
group  ( House  No.  1 )  as  well  as  with  the  boys  in  the  school  as  a 
whole. 

The  boys  receiving  the  supplement  of  extra  milk  made  very 
significantly  better  gains  both  in  height  and  weight,  and  in  “fit¬ 
ness”  and  “spirit.” 


As  the  results  from  Houses  Nos.  3,  4,  7  and  8  indicated  that  the 
benefit  from  the  milk  supplement  could  not  be  attributed  to  car¬ 
bohydrate,  fat,  fat-soluble  vitamin,  or  protein,  the  investigators 
concluded  that  the  clearly  demonstrated  superiority  of  the  milk 
supplement  must  have  been  due  to  “something  more  specific  to 
the  milk.”  In  terms  of  known  nutrients,  and  in  view  of  the  fact  that 
the  second  best  records  were  made  by  the  boys  receiving  watercress, 

e  specific  factor  may  well  have  been  the  combined  increments 
Ot  calcium  and  riboflavin. 

The  advantage  of  increasing  the  proportion  of  milk,  even  in  an 
already  adequate  diet  has  also  been  very  conclusively  shown  in 
experiments  continued  throughout  entire  lives  and  successive  een 
erations  of  suitable  animals  of  relatively  short  natural  life  cycle 

CoVumbirUnive^etnTntal  anima‘S’  nutrition  Moratory of  the 
f  ersltV  department  of  chemistry  studied  the  effects 

of  different  quantitative  proportions  of  wheat  Ld  milk  in  die.arS 
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which,  for  the  sake  of  certainty  of  interpretation,  were  simplified  to 
consist  of  these  two  foods  with  table  salt  and  distilled  water.  It  was 
found  that  five-sixths  ground  whole  wheat  with  one-sixth  dried 
whole  milk  (Diet  A)  made  an  adequate  food  supply,  but  that  a 
mixture  of  two-thirds  ground  wheat  and  one-third  dried  milk 
(Diet  B)  was  better.  Compared  with  those  on  Diet  A,  the  animals 
on  Diet  B  showed  more  rapid  and  efficient  growth  and  development 
(corresponding  to  the  freshmen  entering  college  taller  yet  younger), 
higher  adult  vitality,  and  a  longer  prime  of  life.  While  general  at¬ 
tention  was  attracted  by  the  fact  that  the  adult  life  expectation  or 
“life  cycle’'  was  extended  by  about  ten  per  cent,  it  is  chiefly  worthy 
of  emphasis  here  that  undoubtedly  the  “health  as  a  positive  quality 
of  life”  was  higher  at  every  age. 

In  terms  of  the  set-up  of  the  original  experiment,  the  variable 
factor  in  the  dietary  was  the  quantitative  relation  of  its  two  major 
ingredients:  wheat,  taken  as  typical  of  foods  furnishing  energy  at 
low  cost;  and  milk,  as  representative  of  the  “protective”  foods 
needed  to  “balance”  the  dietary. 

Greater  prominence  of  milk  in  the  food  supply  of  the  individual, 
the  family,  or  the  nation  means  enrichment  of  the  diet  in  its  calcium 
content,  and  practically  always  in  its  riboflavin  content  and  vitamin 
A  value  also.  And  these  are  among  the  nutritional  factors  which 
we  know  to  possess  large  areas  of  beneficial  increase  above  the  level 
of  mere  adequacy.  Thus  milk  is  the  food  most  likely  to  be  effective 
in  meeting  the  actual  need  of  a  deficient  diet;  and  also  when  the 
diet  is  already  adequate,  milk  is  the  food  most  likely  to  be  effective 
in  building  to  higher  levels  of  positive  health. 

Because  for  Americans  and  Europeans  at  least,  the  calcium  in¬ 
take  depends  chiefly  (Fig.  36)  upon  the  consumption  of  milk  in 
some  form  (including  cheese,  cream,  and  ice  cream),  and  because 
calcium  is  probably  more  often  deficient  in  the  dietary  than  any 
other  chemical  element,  and  certainly  falls  below  optima!  amount 
in  many  present-day  dietaries,  the  explanation  of  the  importance 
of  a  liberal  use  of  milk  tends  to  be  given  largely  in  terms  of  calcium. 
That  milk  is  a  highly  evolved  vehicle  for  meeting  the  calcium  nee 
in  nutrition  is  further  illustrated  by  the  fact  that  its  other  con¬ 
stituents  are  such  as  to  enable  it  to  convey  calcium  with  outstand¬ 
ing  efficiency,  a  quart  of  milk  actually  containing  more  ca  c  urn 
than  does  a  quart  of  Hmewater  t saturated  solut.on  of  calc.um 

hydroxide) 
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And  it  must  never  be  supposed  that  the  calcium  tells  the  whole 
story.  For  milk  contains  all  the  factors  known  to  be  needed  i^  the 
nutrition  of  the  mammalian  species,  and  in  view  of  the  experiments 
of  Osborne  and  Mendel  it  doubtless  contains  also  any  such  essential 
factors  as  may  be  still  awaiting  discovery.  The  cases  of  riboflavin 
and  of  vitamin  B12  have  been  completed  since  their  work  was  pub¬ 
lished.  Obviously  these  recent  discoveries  confirm  the  general  view¬ 
point  which  this  discussion  as  a  whole  affords. 
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Fig.  36.  The  relation  of  milk  consumption  to  the  calcium  content  of  the  dietary. 
Here  the  224  American  dietaries  previously  mentioned  were  arranged  in  order 
of  milk  consumed  and  their  calcium  contents  averaged  in  eight  groups  of  28 
dietaries  each. 


Milk  is  the  one  article  whose  sole  function  in  nature  is  to  serve 
as  food,  and  the  one  food  for  which  there  is  no  fully  satisfactory 

Mrs.  Rose  wrote*:  “No  other  food  can  so  well  serve  as  the  foun- 
ation  of  an  adequate  diet,  because  no  other  reinforces  (the  diet) 
at  so  many  points.”  And  again, f  “Milk  is  particularly  adapted  to 

mineraMefi  °  m'nerak  in  fatS  and  suSars-  and  *e  serious 

W  6  fl°Ur’  h0miny’  P°'ished  ri«>  a"d  °'her 

refined  cerea  products  so  widely  used  in  American  dietaries  ” 
The  m,  k  of  different  species  differs  somewhat,  and  some  methods 
of  preserving  milk  may  diminish  its  vitamin  C  and  perhaos  i  in  W 
degree)  its  thiamine  content;  bu,  a„  the  gene^£5^£ 

t  391  °f  Nutrition>  3rd  Ed->  P-  389.  S 
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mercial  forms  of  milk  resemble  each  other  much  more  closely  than 
does  any  other  food  approach  milk  in  nutritional  characteristics. 

In  addition  to  the  outstandingly  efficacious  amino-acid  make-up 
of  its  natural  mixture  of  casein  and  lactalbumin,  milk  also  has 
other  nutritional  characteristics  which  in  the  long  course  of  mam¬ 
malian  evolution  have  become  fixed,  doubtless  because  of  their 
“survival  value”  in  the  promotion  of  growth  and  development, 
health  and  efficiency. 

Its  uniquely  rich  content  of  highly  dispersed  and  thus  readily 
assimilable  calcium  has  already  been  noted.  This  makes  it  the 
most  advantageous  food  source  of  calcium  for  the  high  calcium 
needs  of  the  body  which  are  fairly  obvious  during  the  period  of 
the  growth  and  development  of  the  skeletal  system  (including  bones 
and  teeth) ;  and,  while  less  generally  recognized,  are  important  also 
to  adult  vitality  and  “the  preservation  of  the  characteristics  of 
youth.”  Phosphorus  also  is  contained  in  milk  in  readily  assimilable 
forms  and  in  an  amount  which  makes  milk  an  important  source  of 
phosphorus  of  good  calcium:  phosphorus  ratio. 

The  iron  and  copper  contents  of  milk  are  low,  but  correspond¬ 
ingly  the  baby  is  born  with  reserve  stores  of  iron  and  copper  in 


the  body,  largely  in  the  liver. 

Also,  as  was  emphasized  by  the  late  Dr.  Mendel,  milk  contains 
all  the  known  vitamins,  and  while  not  all  of  them  are  present  in 
milk  in  as  high  a  proportion  as  we  want  them,  it  is  probable  that 
milk  contains  a  larger  number  of  the  vitamins  in  reasonably  well- 
balanced  proportion  than  does  any  other  one  food. 

While  sub-normal  levels  of  vitamins  in  milk  have  been  produced 
experimentally,  the  rations  used  to  induce  them  are  such  as  are 
known,  if  long  used,  to  diminish  the  productivity  of  the  cow,  so 
that  dairy  farmers  have  no  desire  to  use  them.  Hence  in  practice 
few  cows  are  so  fed,  and  those  that  are  do  not  yield  enough  milk 
to  have  much  influence  on  the  quality  of  the  market  supply.  The 
modern  farmer  feeds  his  milch-cows  vitamin-rich  rations  the  year 
round  Thus  milks  of  sub-normal  vitamin  value  are  less  common 
in  the  market,  and  commercial  winter  milk  is  more  like  summer 
milk  than  the  scientific  literature  might  lead  one  to  expect. 

Physical  properties  of  milk  have  also  some  nutritional  signifi¬ 
cance:  only  two  of  these  need  be  mentioned  here.  The  ac 
milk  fat  is  present  in  an  emulsified  form  makes  ,t  more  readily  as 
similable  than  are  most  other  food  fats  except  those  of  eggs.  The 
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fact  that  milk  coagulates  in  the  stomach  is,  on  the  whole,  distinctly 
advantageous  to  the  digestive  process,  especially  when  the  milk  is 
sipped  in  the  course  of  the  eating  of  solid  foods.  But  for  some  (not 
all)  infants  and  invalids,  there  may  be  a  slight  advantage  in  the 
use  of  milk  which  forms  curds  of  a  more  flocculent  kind.  Such  “soft 
curd  milk’'  is  now  produced  commercially  in  two  ways:  (1)  by 
selecting  cows  whose  milk  naturally  forms  curds  somewhat  “softer” 
than  the  average,  and  marketing  the  milk  of  such  cows  unmixed 
with  that  of  others;  or  (2)  by  treating  ordinary  market  milk  with 
an  artificial  process  which  “softens”  its  curdling  property,  largely 
by  removing  a  significant  part  of  its  calcium.  It  is  the  responsibility 
of  the  physician  to  decide  in  the  individual  case  whether  an  infant 
or  an  invalid  will  gain  any  such  advantage  from  the  softening  of 
the  curd  as  to  compensate  for  a  reduction  in  the  calcium  intake. 


Meats,  Fish,  Poultry,  and  Eggs 

In  view  of  the  high  dietary  place  given  to  meat  by  most  people 
who  can  afford  it,  one  who  seeks  thoroughly  to  assess  the  basis  and 
wisdom  of  the  traditional  and  economic  place  of  meat  in  American 
and  European  food  supplies  cannot  but  be  strongly  impressed  by 
the  lack  of  comprehensive  studies  carried  out  by  the  newer  methods 
of  nutntmnal  research.  Several  papers  have  been  published  in 
which  present-day  methods  have  been  applied  to  the  answering  of 
particular  questions,  but  we  have  seen  no  record  of  any  study  of  the 
nutritional  place  of  meat  in  the  diet  comparable  in  comprehensive- 
ness  wnh  the  investigations  which  have  been  made  upon  milk 

™ Z lI,947St'CH  ,°ffPCr  Capit?  C— P*:°"  °f  of  the  meat 

fu" data  were 

Food 

Beef 
Veal 

Lamb  and  mutton 
Pork 

Fish  (total) 

Chicken 
Turkey 

»  Eggs  t/.i 

culture,  MU^'pubf  N“d69Vp%Yy,e9d49S)tateS’  190!M8.  U.  S.  Dept.  Agri- 


Pounds 

69.1 

10.7 

5.4 

69.8 

10.8 
23.6 

4.5 
47.4 


334  ESSENTIALS  OF  NUTRITION 


Here  the  total  meat — in  the  sense  of  beef  and  veal,  lamb  and 
mutton,  and  pork  (including  fat  cuts  but  not  lard) — was  155.0 
pounds  for  the  year;  the  total  of  these  meats  plus  fish,  165.8  pounds; 
of  meats,  fish,  and  poultry,  193.9  pounds;  and  the  total  of  meats, 
fish,  poultry,  and  eggs,  241.3  pounds. 

The  47.4  pounds  of  eggs  may  be  counted  as  25.3  dozens  for  the 
year,  or  an  average  of  just  over  6  eggs  a  week. 

In  general  these  statistics  show  that  the  high  levels  of  consump¬ 
tion  of  both  meats  and  eggs  reached  in  the  United  States  in  war¬ 
time  were  being  maintained  in  1947. 

Studies  made  by  the  United  States  Department  of  Agriculture 
in  1948-49*  indicate  that  in  the  average  family  budgets  of  urban 
communities  about  one  third  of  all  income  goes  for  food ;  and  that 
of  this  about  one  fourth  is  spent  for  meat — 24  per  cent  of  the  food 
money,  to  be  exact — with  an  additional  10  per  cent  for  fish,  poul¬ 
try,  and  eggs.  “The  part  of  the  food  dollar  spent  for  meat  was 
about  the  same  at  all  income  levels,  but  the  part  of  the  income 
spent  for  food  varied  widely  with  income  from  74  per  cent  for 
families  of  less  than  $1000  income  to  17  per  cent  for  families  with 


incomes  of  $7500  and  over.” 

Low-income  families  ate  more  meat,  both  absolutely  and  rela¬ 
tively,  in  1948  than  in  1942,  while  higher-income  families  ate 
about  the  same  amounts  of  meat  in  these  two  years.  This  closer 
approach  of  the  low-income  people  to  the  food  habits  of  their 
higher-income  fellow-citizens  is  probably  more  significant  psy¬ 
chologically  than  physiologically,  for  even  the  1942  low-income 
consumption  of  protein  was  already  liberal,  and  the  trad.., on 
bias  toward  high  consumption  of  animal  protein  has  os 
once-supposed  nutritional  basis  with  the  discovery  of  vitamin  Bn, 
which  is  as  much  a  bacterial  as  an  animal  product,  and  is  not 


Prwten  grain  products,  vegetables,  fruits  and  milk  have  all 1  been 
mven  their  full  places  in  the  diet,  the  result  is  a  food  supply  an 
dietary  of  such  excellence  that  the  extent  to  which  meats  fats,  a^  d 
sweets  are  added  is  of  relatively  little  consequence  in  norma. 

nutrition. 

*  Bureau  of  Human  Nutrition  a1^  H“’^  ^"""'igy^Food  Consumption 
Agriculture,  Commodity  Summary  No.  1,  based 

Surveys. 
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The  appeal  which  meats,  fats,  and  sweets  make  to  the  palate 
and  the  sense  of  satiety  is  enough  more  than  amply  strong  in  most 
people  so  that  those  of  us  who  enjoy  relatively  comfortable  purchas¬ 
ing  power  may  well  think  in  terms  of  moderating  our  consumer 
demand  for  these  three  types  of  food ;  in  the  interest  of  more  equi¬ 
table  distribution.  This  can  be  physiologically  and  psychologically 
better  for  all  concerned,  through  avoidance  or  over-weight  and  en¬ 
hancement  of  a  sense  of  social  justice. 

This  last  has  (too  often  in  the  past)  been  “shrugged  off”  with 
the  implication  that  dietaries  differ  as  a  matter  of  racial  or  social 
custom.  Now  that  the  importance  of  nutrition  is  more  widely  and 
keenly  appreciated  there  is  need  for  more  frankness  in  facing  the 
problem  how  far  dietary  differences  are  truly  due  to  different  social 
choices  and  how  far  they  are  forced  by  economic  disparities.  And 
in  this  connection  we  need  fuller  knowledge  as  to  long  term  effects 
of  differing  levels  of  consumption  of  different  foods. 

Strange  as  it  may  seem  in  view  of  the  large  proportion  of  their 
food  money  which  American  consumers  spend  for  meats,  we  still 
await  the  evidence  of  controlled  laboratory  researches  in  the  feed¬ 
ing  of  experimental  animals  for  entire  life  cycles. 

Meats  vary  greatly  in  fatness,  but  all  meats  are  rich  either  b\ 
fat  or  in  protein,  or  both. 

Tressler,  Birdseye,  and  Murray  (1932)  have  found  that  the 
tendering  (tenderizing)  of  quick-frozen  meat  continues  during 
cold  storage.  Tenderness  of  beef  as  it  comes  to  cooking  need  not 
therefore,  involve  the  inherently  expensive  grain  feeding  of  the 
meat  animals.  Much  more  economically  may  these  be  slaughtered 
as  they  come  from  good  pastures  and  the  meat  allowed  to  attain 

erator  tendemeSS  whlle  waitin§  in  the  commercial  or  family  refrig- 


As  may  be  seen  from  Table  29,  the  proteins  of  meat  are  some¬ 
what  similar  to  those  of  milk  and  of  eggs  in  their  amino  acid  make¬ 
up,  and  therefore  in  the  efficiency  with  which  they  supplement  the 
proteins  of  bread  and  cereals.  7  1  tn 

The  different  lean  meats  that  have  been  u 

equally  good  sources  of  riboflavin  and  apparently  also  oTnkdn' 

variable.  mmC  ^  ^  b“f  but  P-haps  also  more 

On  the  other  hand,  meats  contain  relatively  little  of  calcium,  of 


§ 

o> 


© 


-o 


£ 

a 


Q 

Co 

£ 


<o 


.ss 

**•* 

O 

>*. 

ft. 


GQ 


“e  to) 
c  £ 
«  I 

rx  V* 

§  s 
^  s 


« 


O' 

"Si 

o 

Q 

■« 

•  <•>* 


e 


o 

-£S 

O 

>») 


>3 

V. 

o 


£ 


© 

<N 


Id 

►J 

PQ 

< 

H 


s 


£ 


£  e 


O  ^ 

^  e 


£ 


I  ftJ 

X-s 

C'  K 
^  -2 
ft,  « 


is  ^ 
•S  k 


CO 

« 


£ 


O 


« 


J 


•  «*  ^ 
&/D  c 


CKoCl  o  <N  Tf  IT)  O  CO  {>  m  N  -g-,©  O  oo 

»  oM  in  «  ^0°  °  o  (O  0(0  c-g  t-i|g\  i-.cg 

■g-  ©  co  -g-  u-)^e~  in  vo  ov  m(©  ©  1  m  -g-  ri-  ^  -g-  m 

ooo  m  eg  ©  o  o  to  oo  n  n  -g-  oo  eg  to  g- 

©  eg  eg  ©  r~-  to  to  io  ©  rj-r^v— i  o  oo  <- <  oo  o 

O  T-t  Vh  ,— (  t-<  t-<  r-H©©  <©  r— (  y—t  r-H©T-<  ©© 

©©to  ©t^-oo  ©  ©  eg  e.rH  in  ©mm  t-»  oo 

oo  go  ©  ©  co\  •g-  oo  t-h  \o  oo  |©  rg  ©  ^©  m  j©  eg 

eg  -g-  t- i  to  m  •vt  m  -t  N  comm  to  to  vj-  eg  m 

©  ©  eg  eg  ©  r-~  oo  -g-  ©\  ©^■^ii-g-  oo  ©  ©  |©  eg 

©  oo  co^  oo  m  •<— i  \m  ©  to v  eg  to > m  m  |og  c >  ^t-~ 

©  g-  -g-  m  co  t"  g-  »  tv  m  h  vt  g-  m  g-  rt  to 

vj-  oo  to  m  eg  to  m  eg  v— i  g-  g-  ,e~  g-  eg  ©  ©© 

eg  m  i— >  >  ©  g-  t-i  g-  g-  e~  [■<-<  ©  oo  ©  ©  n< 

©  eg  eg  g-  eg  th  t-<  eg  eg  th  ©  ©  ©  ■<-, 

eg  ©\©\  ©  ©  eg  v©  ©  t-h  ©  oo  .o  .  ©  to  ©  .©  oo 

r-~  eg  ©  ©  oo\  to  ’©  eg  eg  to  xl't'©  ©  h  |m  n 

eg  oo  vj-  ©  ©  ©  ©  ©  eg  t"-  t-~  eg  eg  e-  eg 


eg  v— i 
©  cg\  © 

t-~  ©  © 


©  to.  r-  © 
e  ,t\to  m 

oo  eg'© 


r- 

o 


©  © 


g- 
eg' 


teK  m\mi  ©  .eg  ©  ,  ©  © 
to'  m '  to  *  t"-  ( e-'  -g-  ^  oo  | 


eg  ©  t"  ©  e-  m  © 


m  to\  oo  t  ©  eg 
m  ©  ©  ©  v— i 


vt  m  to 


©mm 

T-,  ©  © 


t"  © 
©  m 


eg  eg  eg 


m  oo  m 
to  to  © 


‘  ©  g* 
r-  co 


s  .5 

U  V 
ctj  t« 


-d 

o 

(3 

u 

c3 

d 

o 


3 

S 


&  O 


ctJ 


© 

© 

rO 

© 

CO 

eg 

© 

eg 

00 

■g-  v  m 

© 

© 

m 

r- 

ON 

r- 

© 

© 

m 

00 

©  ' 

CO 

© 

00 

© 

CO 

© 

© 

© 

in 

00 

© 

© 

eg 

r-~ 

eg 

CO 

eg 

m 

cn 

eg 

eg 

© 

eg 

eg 

eg 

eg 

eg 

eg 

cO 

o 

oo 

r~ 

© 

m 

© 

oo\cd 

SO 

So 

r—* 

CO 

cg\ 

© 

© 

m 

00 

eg 

r- 

(N 

T-H 

e~ 

C/2 

?3 

c 

V 

o 

~V 

S 

© 

V 

V 

0 

3 

T2 

s 

U 

d 

Si 

a 

V 

O 

<h 

jS 

~c 

a; 

C/2 

u 

3 

O 

3 

O 

03 

s 

3 

s 

Tj 

C/2 

P 

s 

_d 

"o 

V 

s 

£ 

o 

©1 

£ 

- 

T3 

J4 

V 

a 

cd 

3 

d 

bean 

c 

U 

bB 

> 

X 

JC 

v 

o 

bo  ^ 

V 

o 

0 

0 

Cu 

N 

U 

(*3 

<5 

0 

Q* 

cn 

©  cO 
©  © 

L 


CO  'O' 


co  eg 
©  © 


eg 


00i  o 
irt\r- 

•g- 


C/i 

U 

V 

B 

Si 

S 


CtJ 

S 

$ 


4J  i 


O  52 
£  V 
£  > 


336 


CHARACTERISTICS  OF  FOOD  COMMODITIES  337 

vitamin  A,  or  of  vitamin  C,  so  that  in  these  respects  they  do  not 
serve  (as  does  a  combination  of  milk  and  fruit)  to  make  good  the 
nutritional  shortcomings  of  the  breadstuff's  and  cereals. 

Lean  meat  is  a  good  source  of  phosphorus. 

The  evidence  is  conflicting  as  to  the  quantitative  availability  of 
the  iron  of  meat  in  normal  nutrition  and  in  anemia. 

The  foregoing  statements  are  made  with  muscle  meats  chiefly  in 
mind,  since  the  glandular  organs  can,  in  the  nature  of  the  case, 
constitute  but  a  small  fraction  of  the  general  meat  supply.  So  far 
as  it  goes,  liver  (while  varying  greatly,  depending  upon  how  the 
animal  was  fed)  is  apt  to  contain,  weight  for  weight,  more  vitamin 
A  than  muscle  meats.  Probably  also  liver  will  usually  contain  more 
vitamin  C  than  muscle.  The  varying  status  of  the  lattei  has  been 
discussed  in  Chapter  XI.  Waisman  and  Elvehjem  accept  Munsell’s 
rating  of  the  vitamin  C  value  of  beef  muscle  as  zero,  but  credit  beef 
liver  with  about  35  milligrams  of  vitamin  C  per  100  grams  of  fresh 
tissue.  The  extents  of  the  diminutions  of  the  different  vitamin 
values  in  the  cooking  of  different  meats  by  various  methods  are 
being  studied  experimentally  in  several  laboratories. 

Notable  among  the  data  of  Table  29  are:  (a)  the  confirmation 
here  of  the  earlier  findings  of  higher  lysine  and  tryptophane  con¬ 
tents  in  casein  and  lactalbumin  than  in  most  other  proteins;  ( b ) 
interestingly,  phaseolin,  while  of  low  tryptophan  content,  resembles 
casein,  lactalbumin,  and  beef  and  (whole)  egg  protein,  in  having  a 
relatively  high  content  of  lysine;  (c)  the  general  similarity  of  bean 
and  beef  protein  in  their  respective  amino  acid  contents 

In  future  such  differences  will  doubtless  be  taken  increasingly 
mto  account  in  the  planning  of  diets. 


Eggs 


We  do  not  know  the  origin  of  the  folk-lore 
Hutchison  gave  currency,  characterizing  eggs  as: 


verse  to  which 


Treasure  houses  wherein  lie, 

Locked  by  Nature’s  alchemy, 

Flesh,  and  blood,  and  brain,  and  bone. 


ey  do  not  (like  fru.ts,  vegetables,  and  milk)  tend  to  safe- 
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guard  the  hygiene  of  the  intestine  and  the  reserve  alkalinity  of  the 
blood  and  tissues;  and  for  these  and  other  reasons  most  careful 
students  of  nutrition  tend  to  keep  the  egg  in  about  its  accustomed 
quantitative  place  in  the  typical  American  dietary,  namely,  4  to  6 
eggs  per  capita  a  week,  while  giving  a  growing  place  to  fruits, 
vegetables,  and  milk.  Some,  however,  recommend  increasing  egg 
consumption  to  an  average  of  at  least  an  egg  a  day  per  capita.  The 
point  of  view  of  agriculture,  including  that  of  the  subsistence 
homestead,  tends  to  favor  growth  of  the  “poultry  enterprise” ;  and 
the  close  interlinking  of  agricultural,  home  economic,  and  social 
security  activities  may  perhaps  be  carrying  advocacy  of  increased 
egg  consumption  a  little  further  in  the  name  of  nutrition  than  the 
strictly  scientific  evidence  yet  extends  as  a  basis  for  life-time  advice. 
This  is  not  to  be  taken  as  necessarily  an  argument  against  giving 
eggs  a  higher  place  in  the  dietary;  but  only  as  suggesting  the  de¬ 
sirability  of  getting  further  long-run  experimental  evidence  before 
attempting  to  settle  a  life-time  policy  on  this  point.  Much  of  value 
might  be  learned  from  full-life,  successive-generation  experiments 
with  dietaries  containing  different  liberal  allowances  of  eggs,  fed 
to  laboratory  animals  whose  nutritional  chemistry  (in  respect  to 
the  factors  of  which  eggs  are  important  sources)  is  similar  to  our 


own. 


In  some  respects  eggs  may  be  regarded  as  standing  midway 
between  meat  and  milk  in  nutritional  characteristics.  Like  meats, 
they  have  been  considerably  studied  as  to  particular  points;  but 
still  need  more  comprehensive  investigation  by  feeding  at  different 
levels  throughout  entire  life  cycles  of  successive  generations. 

Both  the  recent  food  consumption  studies  by  Stiebeling  and  co¬ 
workers,  and  the  earlier  series  of  dietary  studies  already  mentioned, 
show  that  eggs  occupy  strikingly  different  degrees  of  prominence 
in  the  dietary  according  to  economic  conditions.  This  is  also  true 
in  other  countries.  There  need  be  no  doubt,  we  think,  that  the 
people  whose  poverty  has  kept  their  egg  consumption  below  what 
we  have  called  the  “typical”  American  level  of  4  or  5  eggs  a  wee 
per  person,  will  be  benefited  by  having  their  dietaries  brought  up 

to  this  level.  .  .  ,  & 

Egg  protein  resembles  meat  and  milk  protein  in  nutritional 

ciency,  and  egg-fat  is  easily  digested  beeause  of  its  emulsified  form. 
The  mineral  contents  of  eggs  are  much  like  those  of  lean  "lea  ' 
Eggs  are  unique  among  staple  foods  in  their  re  a  i\e  y  g 
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min  D  value  (though  of  course  a  very  small  amount  of  a  fish  liver 
oil  may  contain  as  much  vitamin  D  as  does  a  whole  egg).  Eggs  are 
also  an  important  dietary  source  of  vitamin  A,  thiamine,  riboflavin 
and  probably  other  members  of  the  B  group  of  vitamins;  but  quan¬ 
titatively  these  values  vary  considerably  with  the  feeding  of  the  hen. 
The  vitamin  C  content  of  eggs  is  negligible. 

Table  29  brings  together  the  amino  acid  make-up  of  typical 
proteins  or  natural  protein  mixtures  of  eggs,  meat,  milk,  cereals, 
and  legumes. 


Fats  (including  Fatty  Oils) 

The  problem  of  the  proper  place  of  commercial  fats  in  the  food 
supply  presents  several  complications. 

For  one  thing,  the  demand  for  fat  is  (quantitatively  speaking) 
largely  a  matter  of  national  habit.  During  1914-1918  when  a 
concerted  effort  was  being  made  to  ensure  adequate  food  supplies 
to  all  the  Allied  peoples,  it  was  found  that  a  much  higher  per 
capita  supply  of  fat  was  needed  for  efficiency  and  morale  in  the 
Occidental  than  in  the  Oriental  countries.  For  the  civilians  as  well 
as  the  soldiers  of  the  European  peoples,  it  was  deemed  important 
to  provide  at  least  70  grams  (two  and  one  half  ounces)  of  fat  per 
capita  per  day,  while  the  Oriental  peoples  felt  no  need  of  so  much. 

People  of  the  Western  World  want  liberal  use  of  fats  in  cookery 
to  give  their  foods  the  flavors,  and  perhaps  even  more  particularly 
te  texture8,  to  which  they  have  accustomed  themselves;  and  also 
at  sticks  to  the  ribs”  in  the  sense  that  a  meal  of  a  given  calorie 
calue  does  not  so  quickly  leave  the  stomach  if  a  liberal  percentage 
Of  ns  calories  is  in  the  form  of  fat.  And  so.  of  course,  the  longer  each 
meal  stays  m  the  stomach,  the  less  likely  is  it  that  the  muscular 
signals  fmm  an  empty  stomach  (“the  pangs  of  hunger”)  will  be 
felt  before  the  next  meal.  The  problem  of  specifically  essential  fa, tv 
acids  has  been  discussed  in  Chapter  II. 


Sugar  and  Other  Commercial  Sweets 

a  ^tT“^S  t°h  'he  neCHar„of  a  flower  is  ^Uite  clearIy 

by  ■*  °i  *  p°Hef 

to  consume  something  that  contains  not  only  sugar' bm  ali"— * 
fioan,  amounts  of  mineral  elements  and  vitami^d  tn 
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the  animal  to  eat  the  fruit  it  also  serves  the  plant  by  securing  distri¬ 
bution  of  its  seeds. 

The  biological  utility  of  artificially  refined  sugar  is  much  more 
circumscribed.  Nutritionally  it  is  the  extreme  case  of  a  one-sided 
food;  for  it  furnishes  calories  and  nothing  else. 

The  repeated  research  findings  of  Bunting  and  others,  that  in¬ 
creasing  prominence  of  sugar  in  the  dietary  means  increasing  pro¬ 
portion  of  tooth  defects  in  children,  should  not  be  ignored. 

It  is  probably  true  for  the  people  as  a  whole,  as  was  said  in  a 
discussion  of  the  problem  of  sweets  for  children  (published  as  a 
leaflet  by  the  American  Child  Health  Association  and  reprinted  by 
the  American  Public  Health  Association  in  a  report  of  its  Com¬ 
mittee  on  Nutritional  Problems),  “that  in  general  the  proper  place 
of  sugar  in  the  food  supplies  and  eating  habits  ...  is  not  in  such 
concentrated  forms  as  candy,  nor  in  the  indiscriminate  and  exces¬ 
sive  sweetening  of  all  kinds  of  foods,  but  rather  as  a  preservative 
and  flavor  to  facilitate  the  introduction  into  the  .  .  .  dietary  of 
larger  amounts  of  the  fruit  and  the  milk,  the  importance  of  which 
to  .  .  .  health  has  been  increasingly  emphasized  with  each  year’s 


progress  in  our  knowledge  of  nutrition. 

Within  a  relatively  short  time  (from  about  1825  to  about  1925  ) 
sugar  consumption  has  grown  as  we  saw  in  Chapter  II  from  about 
10  pounds  to  about  100  pounds  per  capita  per  year  in  the  United 
States  so  that  now  most  families  take  over  a  tenth,  and  many  take 
probably  as  much  as  a  fifth,  of  their  total  food  calories  in  the  form 
of  sugar  which  furnishes  practically  no  protein,  mineral  element 
or  vitamin.  Obviously  this  must  have  the  nutritional  result  of 
lowering  the  intakes  of  protein  and  of  the  mineral  elements  and 
vitamins  by  one-tenth  to  one-fifth  from  the  levels  at  which  they 
would  otherwise  be  consumed.  Is  this  desirable? 


EXERCISES 


1  Answer  the  question  with  which  the  above  text  ends,  and 

nlainvour  answer  in  from  500  to  1000  words. 

2  Using  such  Governmental  and  sugar  trade  statistics  as  are  ava 
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judgment  as  to  the  use  ol  so  much  “refined”  food  as  was  common 
in  the  first  third  of  the  twentieth  century? 
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FOOD  COSTS  AND  VALUES: 
NUTRITIONAL  GUIDANCE 
IN  FOOD  ECONOMICS 


Introductory 

We  have  seen  that,  as  Lord  Astor  put  it,  the  newer  scientific 
knowledge  of  nutrition  makes  the  practical  problem  of  food  supply 
a  question  “not  only  of  enough  food,  but  enough  of  the  right  kinds 
of  food.” 

And  individual,  family,  and  community  food  supplies  doubtless 
have  been,  and  still  are,  responsible  for  many  of  the  relatively  low 
levels  of  accomplishment  for  which  in  lack  of  this  new  knowledge 
an  undue  share  of  blame  has  in  the  past  been  laid  upon  heredity. 
However,  it  was  estimated  in  the  U.  S.  Department  of  Agriculture 
Yearbook  for  1939,  that  probably  99  per  cent  of  the  people  born  in 
this  country  have  heredity  good  enough  to  enable  them  to  be¬ 
come  productive  workers  and  excellent  citizens,  but  that  half  of 
them  “do  not  get  enough  in  the  way  of  dairy  products,  fruits,  and 
vegetables  to  enable  them”  to  enjoy  the  full  measure  of  health  and 
vigor  which  is  potential  in  their  hereditary  birthright.  In  the  years 
since  that  estimate,  the  consumption  of  fruits,  vegetables,  and  milk 
by  low-income  families  has  increased,  but  a  further  increase  is  both 

desirable  and  practicable. 


The  Economic  Setting  of  the  Problem  of  the  Best  Use  of  Foods 

In  the  choice  of  one’s  food,  or  in  purchasing  the  food  for  a  family 
or  other  group,  one  usually  must  observe  an  economtc  hmitatio  . 
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This  fact  has  been  implicitly  recognized  in  the  foregoing  chapters 
and  accompanying  Exercises.  The  present  chapter  undertakes  a 
somewhat  more  explicitly  economic  approach.  Also,  whereas  pre¬ 
vious  chapters  have  been  written  primarily  in  terms  of  the  indi¬ 
vidual  consumer,  this  one  is  chiefly  in  terms  of  the  family  food 
budget:  partly  because  the  majority  of  readers  will  presumably 
spend  most  of  their  lives  as  members  of  family  groups;  and  partly 
because  in  studies  and  writings  on  food  economics  the  family  is  so 
frequently  considered  as  the  consuming  unit.  To  comply  with  cus¬ 
tom  in  this  respect  involves  no  failure  of  appreciation  of  the  fact 
that  in  another  aspect  the  food  as  it  enters  the  home  is  still  a  raw 
material  for  processing  by  the  homemaker. 

Detailed  advice  upon  the  budgeting  of  incomes  would  lead 
beyond  the  scope  of  this  book.  Such  problems  are  treated  fully  and 
from  broad  viewpoints  in  Andrews’  Economics  of  the  Household 
(Second  Edition,  1935)  and  in  Rose’s  Feeding  the  Family  (Fourth 
Edition,  1940). 

It  is,  however,  part  of  the  function  of  this  chapter  to  emphasize 
the  fundamentally  important  fact  that  science  now  finds  it  possible 
to  do  more  for  health,  efficiency,  and  welfare  through  nutrition 
than  was  previously  supposed  or  even  seriously  imagined;  so  that, 
with  nutrition  carrying  a  larger  share  of  the  responsibility  for  mak¬ 
ing  life  worth  while,  it  is  logical  that  an  increased  share  of  the 
cost  of  living  should  be  budgeted  for  the  cost  of  food. 

And,  even  under  difficult  economic  conditions,  it  is  possible  for 
this  to  be  done,  now  that  nutritional  science  furnishes  clearer 
guidance  to  the  better  use  of  food. 

Statistics  show  that  such  lines  of  expenditure  as  adornment 
(other  than  clothing)  and  amusement  (other  than  by  means  of 
ood,  clothing,  housing,  and  the  automobile)  run  to  very  signifi¬ 
cant  proportions  even  at  the  lower  income  levels.  Hence  the  im- 
provement  of  food  economics  under  the  guidance  of  the  science  of 
nutrition  may  be  two-fold:  (1)  a  better  distribution  of  the  food 

hieher’nand  f  o{tenaIso  the  allotment  to  food  of  a  somewhat 
ther  ,P'fT  A°f,the  t0ta  ,ncome’  or  of  the  total  budget  for 
ish  thTfew  Tng'  fSU,Ch  a  suggestion  ^  not  a  proposal  to  dimin- 

greatest  sltisf“s  P°°r'  ^  “  hdpS  them  gai" 

as Fis0madeSanoSfahlti0K  h°m  SUch  higher  accomplishment 

made  possible  by  higher  health  and  efficiency  exceeds  the 
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pleasure  of  mere  consumption  of  goods;  and  in  most  families  it  is 
in  turn  exceeded  by  the  contemplation  of  still  higher  health,  effi¬ 
ciency,  and  accomplishment  in  and  by  the  children  who  get  the 
benefit  of  the  newer  knowledge  of  nutrition  more  completely  and 
from  an  earlier  age  than  did  their  parents. 

Whatever  the  income,  then,  much  depends  upon  the  individual 
consumer’s  choice  and  use  of  food.  For  the  full  development  of  the 
subject  with  calculations  and  many  actual  meal  plans  for  different 
types  of  people  and  for  family  groups,  see  Rose’s  Feeding  the  Family 
and  Laboratory  Handbook  for  Dietetics,  the  latter  rewritten  by 
Taylor  and  MacLeod  (1949). 

In  the  governmental  study  of  family  food  consumption  in  the 
United  States  in  1942,  ten  per  cent  of  the  total  expenditure  for 
food  was  for  fats.  In  the  more  intensive  study  ( 1948-49)  of  fat  con¬ 
sumption  by  city  families,  only  seven  per  cent  of  the  total  ex¬ 
penditure  for  food  was  reported  as  spent  for  fats.  This  difference 
was  probably  largely  due  to  a  more  frequent  inclusion  of  bacon 
and  salt  pork  with  fats  in  the  survey  made  in  1942  than  in  that 
made  in  1948.  But  it  is  also  interesting  to  remember  that  all  the 
families  studied  in  1948  lived  in  cities,  where  the  markets  offer  a 
large  range  of  fresh  meats  and  fresh  fruits  to  compete  with  butter 
for  the  consumer’s  food  money  throughout  the  year.  Probably, 
too,  the  war-boom  conditions  of  exceptionally  full  employment  and 
high  wages  may  have  made  more  families  feel  able  to  buy  butter 
liberally  in  1942  than  in  1948. 

United  States  Food  Consumption  Surveys  of  1948 

At  the  time  this  is  written  in  1950,  the  Bureau  of  Human  Nutri¬ 
tion  and  Home  Economics  of  the  U.  S.  Department  of  Agriculture 
is  publishing  a  series  of  mimeographed  reports  upon  the  costs  and 
nutritive  values  of  presumably  normal  food  supplies  of  American 
families  classified  and  compared  as  to  family  composition,  income, 
season  of  year,  region  of  residence,  and  whether  rural  or  urban. 


Economy  of  Preservation  and  Distribution  of  Food 

Preservation  of  a  food  in  different  forms  may  be  important  both 
economically  and  as  diversifying  the  diet.  Regions  remote  from 
fresh-milk  markets  can  often  ship  canned  and  dried  mi  . 
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tionally  equivalent  amounts  of  different  forms  of  milk  are  shown 
in  Table  30. 

Table  30.  Approximate  Equivalents  of  One  Quart  of  Fresh  Whole  Milk 

17  oz.  (by  weight)  of  evaporated  milk 

4  oz.  dried  whole  milk 

3  oz.  dried  skimmed  milk  +  1  oz.  butter 

5  oz.  Cheddar  type  cheese 

12  large  dips  (nearly  2  quarts)  ice  cream 


This  Table  30  is  from  Miscellaneous  Publication  No.  662,  U.  S. 
Department  of  Agriculture,  December  1948,  where  the  quantity 
given  for  each  named  milk  product  is  stated  to  be  “about  equal  in 
calcium  to  1  quart  of  milk.”  A  few  explanatory  facts  will  make 
this  statement  of  approximate  equivalents  more  explicit: 

In  the  preparation  of  evaporated  or  dried  milk  there  is  no  sepa¬ 
ration  of  constituents  except  removal  of  most  of  the  water  origi¬ 
nally  present  in  the  whole  fresh  milk,  and  relatively  slight  diminu¬ 
tion  of  some  of  the  vitamin  values. 


Modern  methods  of  removal  of  so  much  of  the  water  from  milk 
as  to  leave  it  in  the  form  of  powder  (or  flakes)  of  only  about  2  per 
cent  moisture  content,  may  accomplish  this  with  no  measurable 
diminution  of  any  of  the  nutrient  factors  of  the  milk. 

In  the  preparation  of  evaporated  milk  the  object  is  the  same 
except  that  removal  of  water  is  not  carried  so  far.  The  aim  is  a 
concentrated  form  of  milk  which  can  be  restored  to  the  composi¬ 
tion  of  the  original  fresh  whole  milk.  This  ideal  is  very  nearly 
realized  the  known  effects  upon  nutrients  being  only  doubtfully 

"ntenrUtl0nS  *  thiami"e  “d  C  0*°** 

a  bout 1  on  e  ftf  f 'h  "  t  u  •  ™lk  probabl>'  lowers  ite  vitamin  C  content 
about  one-fifth.  Th,s  is  so  near  the  limit  of  demonstrability  and 

our  dependence  upon  milk  for  vitamin  p  •  j 

so  shVht  that  „  ,  .  V1tamin  C  is  nowadays  normally 

.  ]1^t  that  nutritionists  commonly  ignore  it  and  moL  i- 

and  In  the  IS  sZl'T™  Wlt*:  Chi,dren  “  Great  Britain 
between  those  given  raw  ^and'th  r<?'  *7  ed  no  nutritional  difference 
Returning  to  the  h  fT  gIVCn  Pas‘<=urized  milk. 

and  somTf  i  s  s  al tr^duct  t,Cd  betw“"  "ilk 

•  taple  products,  ,t  may  be  noted  that  the  compari- 
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son  of  milk  with  cheese  or  ice  cream  is  somewhat  less  logical  than 
with  dried  and  evaporated  milks,  because  in  cheesemaking  a  part 
of  the  nutrients  of  the  milk  are  lost  in  the  whey,  and  in  making  ice 
cream  the  nutrients  are  diluted  with  sugar  and  other  flavoring  ma¬ 
terials  (and  sometimes  with  fruit  or  nuts)  and  then  there  is  also 
incorporated  a  considerable  (and  variable)  proportion  of  air  which 
increases  the  volume  without  appreciably  changing  the  weight. 
This  is  why  so  many  “dips”  of  ice  cream  are  required  to  be  equi¬ 
valent  to  a  quart  of  milk. 

In  the  government  tabulation  of  equivalencies,  so  striking  a 
difference  is  attributed  to  the  two  chief  forms  of  cheese  (because 
the  comparison  is  on  the  basis  of  calcium  contents  and  in  cheese¬ 
making  coagulation  with  rennet  retains  most  of  the  milk-calcium 
in  the  cheese  whereas,  on  souring,  much  the  largest  part  of  the 
milk-calcium  is  lost  in  the  whey)  that  we  omit  cottage  cheese  from 
Table  30.  If  the  comparison  were  made  on  the  basis  of  protein  or 
riboflavin  (instead  of  calcium)  content,  it  would  be  much  more 
favorable  to  cottage  cheese  than  it  is.  Calcium  is,  however,  the 
more  logical  basis  in  the  sense  that  our  dietaries  tend  “automati¬ 
cally”  to  carry  much  larger  margins  of  protein  than  of  calcium. 


Economic  Problem  of  Food  Supply 

One  way  of  putting  the  problem  of  the  best  use  of  food  is  to 
ask  the  question:  Just  what  prominence  is,  or  should  be,  gnen  o 
each  food  (or  type  of  food,  or  food-group)  m  the  dietary  of  a 
given  individual  or  family,  or  in  a  community  or  national  food 
supply’  What  has  been  and  is  the  custom  of  typical  American 
families  in  this  respect?  Dietary  studies  designed  to  answer  this 
question  have  been  made  in  large  numbers  of  American  am ule 
f  though  not  at  regular  intervals)  throughout  the  first  half  ol 

twentieth  century.  A  series  of  224  such  studies '  ^ Jv“dlta 
as  to  time,  place,  and  economic  levels  yielded  the  average 

tS  that  these  findings  are  fairly  representative  of  the 
food  habt  of  the  people  of  the  United  States  in  the  last  tenth  of 
the  19th  and  the  first  third  of  the  -0th  cen  uri 

thV  rilncrlv  it  is  believed  that  a  comparison  of  the  data  ot 

T  buTlTfirst Quarter  of  the  twentieth  century)  with  those  o 
Sble  28  (dam  rf  1942)  show  the  trend  of  the  first  generation  of 
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the  people  of  the  United  States  to  whom  was  available  the  guidance 
of  the  earlier  phases  of  the  newer  knowledge  of  nutrition. 

With  fuller  knowledge,  and  more  widespread  and  wholehearted 
educational  effort,  we  may  hope  for  further  increase  of  promi¬ 
nence  of  fruits,  vegetables,  and  milk  in  our  national  diet. 


Table  31.  Average  Percentage  Distribution  of  Cost  and  Nutrients  in  224  American 

Dietaries 


Type  of  Food 

Relative 

Cost 

Calories 

Protein 

Phos¬ 

phorus 

Calcium 

Iron 

Meat  and  fish 

32 

.19 

18 

.99 

35 

.34 

26 

.36 

3 

.86 

30 

.37 

Eggs 

5 

.47 

1 

.77 

4 

.64 

4 

.02 

3 

.64 

6 

.25 

Milk  and  cheese 

10 

.59 

8 

.08 

11 

.56 

20 

.61 

55 

.76 

5 

.11 

Butter  and  other  fats 

9 

.55 

10 

.32 

0 

.31 

0 

.32 

0 

.73 

0 

.33 

Grain  products 

18 

.29 

38 

.20 

37 

.25 

30 

.27 

15 

.67 

25 

.87 

Sugar  and  molasses 

4. 

.57 

10 

.06 

0 

.14 

0. 

.20 

1 

.81 

1 

.80 

Vegetables 

10. 

.55 

9. 

.05 

9. 

.55 

15. 

58 

14 

.87 

26 

.42 

Fruit 

5. 

.31 

2. 

.99 

0. 

.78 

1  . 

82 

3. 

.15 

3. 

29 

Nuts 

0. 

15 

0. 

14 

0. 

11 

0. 

13 

0. 

.07 

0. 

09 

Food  adjuncts 

3. 

33 

0. 

40 

0. 

32 

0. 

69 

0. 

44 

0. 

47 

The  average  food  value  per  man  per  day  of  the  dietaries  sum¬ 
marized  in  Table  31  was  calculated  as  follows: 


Energy 

Protein 

Phosphorus 

Calcium 

Iron 


3256 .  Calories 

106.  Grams 

1  .63  Grams 
0.74  Gram 
0.0179  Gram 


Comparing  our  consumption  of  nutrients  with  the  amounts  re- 

k  wil.  h  n°T  nuUt7‘i0n  (aS  summar*zed  in  previous  chapters) 
be  seen  that  the  freely  chosen  dietaries  contained  in  theaver- 

cflcium°Co  TPl?S  °f  Pr°tein’  PhosPho™s,  and  iron  than  of 
calcium.  Correspondingly,  we  find  that  the  number  of  individual 

'one1 1  thnrttf !em  TiT™  “  —gh  to  cauL  sert] 

consTdTr’ablv  less  f  °f  PhosP'’°™s  or  iron  were 

nganactul,  defi  qUeMt  ^  *here  Were  few  if  “Y  “ses  show- 

Ba"ed  abrl  fC,‘enCy  Pr°tem  “  otherwise  adequate  diets. 

•  ap patently  upon  a  recommendation  originally  made  by 
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Miss  Lucy  Gillett,  the  following  simple  food  budget  for  city  fami¬ 
lies  has  been  widely  quoted  and  found  useful: 


Divide  your  food  money  into  fifths — 

One  fifth,  more  or  less,  for  vegetables  and  fruit; 

One  fifth,  or  more,  for  milk,  cream,  ice  cream,  and  cheese; 

One  fifth,  or  less,  for  meats,  fish,  poultry  and  eggs; 

One  fifth,  more  or  less,  for  bread  and  cereals; 

One  fifth,  or  less,  for  fats,  sugar,  and  other  groceries  and  food 
adjuncts. 


The  suggestion  that  about  a  fifth  of  the  total  food  money  be 
spent  for  bread  and  cereals  aims  at  making  a  dietary  more  eco¬ 
nomical  than  the  American  average.  In  practice,  the  proportion 
spent  for  bread  and  cereals  may  (and  usually  does)  vary  with  the 
need  for  strict  economy.  It  must  usually  be  high  in  an  extremely 
low-cost  dietary  and  may  be  considerably  lower  where  the  level  of 
expenditure  is  more  liberal. 

Whatever  the  level  of  expenditure,  however,  it  seems  wise  to  ob¬ 


serve  the  two  suggestions  that: 

( 1 )  at  least  as  much  should  be  spent  for  milk  (including  cream 
and  cheese  if  used)  as  for  meats,  poultry,  and  fish;  and 

(2)  at  least  as  much  should  be  spent  for  fruits  and  vegetables 

as  for  meats,  poultry,  and  fish. 

These  latter  suggestions  seem  to  have  been  found  uselul  as  a 
guide  in  both  low-cost  and  liberal-cost  food  budgets  and  can  ob¬ 
viously  be  applied  in  all  cases  in  which  even  the  simplest  of  records 
of  expenditures  are  kept.  They  tend  to  make  milk,  vegetables,  and 
fruits  more  prominent  than  in  the  average  American  dietary  of 
the  present  or  of  the  recent  past,  and  we  have  several  scientihca  > 
sound  reasons  for  considering  this  a  nutritional  nnprovement 
From  among  the  dietary  records  averaged  in  Table  31  25  w 
taken  at  random  and  a  calculation  was  made  to  see  how  their 

values 

^flSrtd  f^dW  simply  .adiusted 
in  accordance  with  the  two  sugges  ic  J  «  practically  un- 

that  such  readiustment  wou  d  eav  the  pr  ^ 

changed  in  — c£m  and phosphorus  materially  increased 
ndTotgM  i  o6  tt  quantitive  relations  with  each  other. 
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Furthermore,  the  dietaries  thus  adjusted  would  undoubtedly  be 
improved  in  their  vitamin  A  and  C  values,  and  in  their  riboflavin 
contents.  And  these  three  vitamins  play  such  important  parts  in 
the  building  of  the  higher  health  that  increased  amounts  of  them 
in  the  diet  mean  an  important  gain  in  the  constructive  up-build¬ 
ing  of  positive  health  and  earning  power. 

That  progress  in  this  direction  is  already  taking  place,  gradually 
but  upon  a  large  scale,  is  shown  both  by  the  United  States  Depart¬ 
ment  of  Agriculture’s  statistics  of  production,  consumption,  and 
railway  transportation  of  different  types  of  food,  and  by  wide¬ 
spread  studies  of  food  habits. 

The  term  protective  foods  was  coined  by  McCollum  and  (as 
already  noted)  first  applied  only  to  milk  and  the  green  leaf  vege¬ 
tables,  as  being  the  two  types  of  food  rich  in  both  the  two  factors, 
calcium  and  vitamin  A  value,  which  he  had  come  to  regard  as  most 
often  deficient  in  the  dietaries  of  American  and  European  peoples. 

The  research  findings  of  more  recent  years  have  extended  this 
conception  in  two  ways.  We  have  come  to  realize  that  enrichment 
of  the  dietary  in  vitamin  C  and  riboflavin,  as  well  as  in  vitamin 
A  and  calcium,  is  usually  beneficial;  and  this  not  merely  for  pro¬ 
tection  against  actual  deficiency,  but  also  for  the  promotion  or 
enhancement  of  vitality, — of  “positive,”  or  “buoyant,”  or  better- 
than-average,  health.  Thus  the  idea  has,  perhaps,  already  out¬ 
grown  the  literal  meaning  of  the  word  “protective” ;  but  the  term 
continues  to  do  service  with  an  enlarged  and  more  constructive 
significance. 

In  this  sense,  and  with  the  objective  broadened  to  include  the 
enrichment  of  the  diet  in  the  four  factors,— calcium,  riboflavin,  and 
vitamins  A  and  C,— we  now  apply  the  term  protective  foods  to 
fruit,  vegetables,  and  milk,  with  or  without  eggs*  Milk  furnishes 
all  four  of  the  chemical  factors  just  mentioned  and  is  an  outstand¬ 
ing  source  of  three  of  them;  while  each  of  the  other  three  tvpes  of 

onr  T!  men‘'0ned !f  reSarfded  as  a  good  source  of  some  two  of  the 

r  factors.  The  richness  of  eggs  in  vitamin  A  and  riboflavin  fullv 

entitles  them  to  admission  to  this  category  according  to  this  latter 

posed;  but  at  the  time  o'^wrifingTlMO^ U^i's 'te  m?a’  also  has  been  Pro- 

definition  of  the  term  wilUome  l  ’  °  early  t0  JudS'  "-bether  this  re- 

riched-  eereal  phTcU  ha“”S^  beef ""  •“*  ”  T'  Wh°'e  grai"  aad 

tective”  Krdlj^foods  Perhans the h  for  inclusion  in  the  “pro- 

-pro, ec.it  JIB;  as  bei„B  J  «***%££  “XtT  °' 
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criterion,  and  the  vitamin  D  and  iron  content  of  eggs  and  the  high 
nutritive  value  of  their  proteins  are  all  nutritional  assets,  especially 
for  the  growing  child;  but  eggs  do  not,  like  fruits,  vegetables,  and 
milk,  have  the  property  of  reducing  intestinal  putrefaction  and 
promoting  the  development  of  a  wholesome  bacterial  flora  in  the 
digestive  tract.  For  this  and  some  other  reasons  eggs  are  more  cau¬ 
tiously  emphasized,  while  of  milk,  fruit,  and  vegetables  we  now 
believe  that  (within  reason)  the  larger  the  proportion  of  the  needed 
calories  taken  in  the  forms  of  fruit,  vegetables,  and  milk  the  better. 

There  has  for  some  years  been  a  steady  and  well-justified  trend 
toward  higher  nutritional  appreciation  of  the  fruits  and  vegetables; 
and  this  trend  continues.  Hence  it  is  an  expression  of  the  consensus 
of  nutritional  findings  and  opinion  (and  not  merely,  though  also, 
of  the  judgment  of  the  present  writers)  that  we  recommend  for 
fruits  and  vegetables  a  still  greater  prominence  in  the  dietary  (or 
food  budget)  than  is  found  in  most  previous  books  and  bulletins. 

Stiebeling’s  studies  of  food  consumption  at  different  economic 
levels  show  that  as  purchasing  power  rises  from  levels  of  severe 
poverty  to  those  permitting  more  freedom  in  the  choice  of  food, 
there  is  at  first  an  increase  in  fruit  and  vegetable  consumption  fully 
proportionate  to  the  increased  per  capita  expenditure  for  food.  But 
with  still  more  comfortable  levels  of  expenditure  the  extra  food 
money  does  not  go  as  largely  to  increased  consumption  of  fruits 
and  of  succulent  vegetables  as  would  be  desirable.  In  other  words 
the  consumer  demand  represented  by  the  nation-wide  data  of  about 
1933-37  is  responsive  to,  but  not  yet  fully  abreast  of,  the  guidance 
of  modern  knowledge.  Consumers  still  are  too  apt  to  think  that 
about  two  pounds  a  day  of  fruits  and  vegetables  is  as  much  as  they 
are  justified  in  eating,  whereas  our  present  nutnt.onal  v.ewpom 
is  that  certainly  a  third  pound  of  per  capita  consump  ion  of  tota 
fruits  and  vegetables  (and  very  probably  more)  is  an  excellent 

‘"prominence  of  milk,  fruits,  and  vegetables  in  the  dtory  ensures 
liberal  intakes  of  calcium,  riboflavin,  and  vitamins  A  and  C,  and 
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edge  of  nutrition  comes  effectively  into  the  service  of  the  family 


food  economy. 

Stiebeling  and  Phipard  ( 1939),  in  the  general  summary  of  their 
findings  from  the  study  of  about  4000  family  food-consumption 
records  representing  43  cities  or  towns  in  eight  major  geographical 
regions  of  the  United  States  during  the  period  December  1934  to 
February  1937,  point  out  that  the  average  dietaries  of  this  period 
(while  already  showing  some  effects  of  the  teachings  of  the  newer 
knowledge  of  nutrition)  included  only  one-half  to  two-thirds  as 
much  milk  and  less  than  two-thirds  as  much  of  fruits  and  vege¬ 
tables  as  did  the  dietaries  which  they  graded  as  good,  and  add: 
“But  even  these  good  diets  fell  short  of  the  allowances  of  these  pro¬ 
tective  foods  believed  by  many  authorities  to  be  optimal.” 

Most  of  these  4000  families  spent  between  25  and  40  per  cent 
of  their  income  for  food.  On  the  average,  those  having  more  money 
to  spend  for  food  increased  their  purchases  of  milk,  butter,  cream, 
eggs,  meats,  fruits,  and  succulent  vegetables  in  greater  degree  than 
their  purchases  of  grain  products,  sugars,  and  fats  other  than  but¬ 
ter.  Thus  when  total  food  expenditure  was  200  per  cent  higher, 
that  for  fruits  was  200  to  400  per  cent  higher  but  that  for  grain 
products  and  fats  other  than  butter  was  only  about  30  to  35  per 
cent  higher. 


Thus  the  newer  knowledge  of  nutrition  does  not  suggest  any 
serious  departure  from  the  natural  inclinations  of  present-day 
American  consumers:  rather  it  offers  guidance  and  “implementa¬ 
tion”  for  the  realization  of  the  fullest  measure  of  satisfaction  from 
a  movement  in  the  direction  in  which  most  consumers  already 
wanted  to  go.  7 


But  for  even  a  reasonable  approach  to  best  results  the  teaching 
of  greater  prominence  of  fruits,  vegetables,  and  milk  (including 
cheese  cream,  and  ice  cream)  in  our  dietaries  and  food  supplies 
should  be  emphasized  and  practiced  in  higher  degree  than  now. 

5  t'ebelmg  and  Phipard  find  that  in  every  region  studied  families 
spending  only  small  amounts  of  money  for  food  use  only  small 

S’  eS  i°  f  An<!  in  the  avera§e  °f  all  the  white  families 
studied,  while  one-fourth  to  one-third  of  the  food  money  was  snent 

soenTfo’  fSh-’i  P°UIttry’  and  eggS’  °nly  one-fifth  to  one-fourth  was 
or  mi  k  »d  chees  ^  °"ly  °ne-eiShth  to  one-sixth 

less  ann,  iff  (  negr°  f°°d  budSets  ^wed  still 

aPPreciation  of  fruits,  vegetables,  and  milk.) 
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Progress  in  the  direction  of  giving  higher  place  in  the  dietary  to 
fruits,  vegetables,  and  milk  is  (up  until  1950,  at  any  rate)  more 
evident  in  the  feeding  of  children  than  of  grown  people. 


Table  32.  Rose's  Recommendations  ( Adapted ) 


Percentage  of  Total 
Calories  from  Fruits, 
Vegetables,  and  Milk 

For  Children 

1-2  years 

70-85 

2-  3  “ 

65-72 

3-  4  “ 

62-69 

4-  5  “ 

59-68 

6-  7  “ 

54-60 

8-  9  “ 

53-58 

10-12  “ 

51-56 

For  High-School  Boys  and  Girls 

at  2000  Calories 

48-53 

“  2500 

42-45 

For  Healthy  Adults  on  Low  to  Moderate  Incomes  28-30 
For  a  Family  of  2  Adults  and  3  Young  Children  on 

Low  to  Moderate  Income  37-42 


The  data  of  Table  32  were  adapted  with  the  approval  of  the  late 
Dr.  Mary  S.  Rose  from  her  teaching  of  “working  plans  for  the 

construction  of  adequate  diets.” 

Table  33  shows  the  “distribution  standards”  for  children  s 
dietaries  recommended  by  Dr.  Rose  and  Table  34  a  differentiation 


according  to  economic  level.  ...  ,  .  , 

Table  34  shows  corresponding  distribution  standards  to  guide 
the  planning  of  minimum  cost  and  moderate  cost  dietaries,  re¬ 
spectively,  for  children  of  ages  5  tc  16  years.  The  minimum-cost 
standard  is  based  on  the  recommendations  of  the  Committee  on 
Economic  Standards  of  the  New  York  Nutrition  Council.  The 
moderate-cost  standards  are  those  used  by  Rose  and  Gray  in 

judging  the  dietaries  of  child-caring  institutions.  „ 

For  family  groups  Stieheling’s  “dietaries  at  four  levels  o  co  t 
and  supplementary  suggestions  will  afford  much  addtt.onal  guid¬ 
ance  An  independent  discussion  based  essentially  upon  them  ha 
also  been  published  by  Hambidge.  (See  suggested  readings  at 

end  of  the  chapter.) 
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Table  33.  Distribution  oj  Calories  in  Diets  of  Children  of  4  to  12  Years 


Per  Cent  of  Total  Calories  from  Each  Class  of  Food 


Age  in 
Years 

Foods  from 
Cereal 
Grains 

Milk 

Vegetables 

and 

Fruits 

Fats'1 

Sugars 

and 

Sweets 

Eggs,  Cheese, 
Meat,  and  Other 
Flesh  Foods 

4-5 

23-25 

45-50 

14-18 

5-8 

2-5 

5-6 

5-6 

23-25 

45-50 

14-18 

5-8 

2-5 

5-6 

6-7 

20-25 

40-45 

14-15 

10-12 

3-4 

4-5 

8-9 

20-25 

38-42 

15-16 

12-13 

4-6 

5-6 

10-12 

20-25 

34-38 

17-18 

13-14 

6-8 

7-8 

“  At  least  part  of  the  fat  to  be  butter  or  something  known  to  furnish  its  equivalent 
of  vitamin  A. 


Table  34.  Distribution  of  Calories  in  Diets  of  Minimum  and 
of  Moderate  Cost  for  Children  of  Ages  5  to  16  Years 


Food  Group 

M  inimum-Cost 
Diet 

Moderate-Cost 

Diet 

Per  Cent  of 

Per  Cent  of 

Total  Calories 

Total  Calorie 

I.  Foods  from  cereal  grains 

37 

24 

II.  Milk 

22 

32 

III.  Vegetables  and  fruits 

A.  Dried  legumes 

3 

1 

B.  Other  vegetables  and  fruits 

13 

16 

IV.  Fats  and  oils 

14 

12 

V.  Sugars  and  sweets 

s 

7 

VI.  Meat,  eggs,  cheese 

6 

/ 

8 

Omitting  the  emergency  diet,  Stiebeling  and  Ward’s  recom- 
mendations  were  as  shown  in  Table  35. 

McCollum’s  recommendation  for  milk  consumption  is  one  quart 
per  capita  per  day.  Inasmuch  as  new  research  findings,  since  1933 
when  he  recommendations  of  Stiebeling  and  Ward  were  published 

iboflaZg  y  h  r 1Se  thne  “u™*6  °f  °Ptimal  intake  of  cXium  a"d 
riboflavin  we  believe  that  this  is  a  sound  reason  for  preferring  365 

quarts  rather  than  305  quarts  of  milk  per  capita  pe,Pyear  ® 

Also  we  believe  that  the  trend  of  advance  of  nutritional  knowl- 
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edge  since  1933  makes  it  logical  to  give  an  even  more  prominent 
place  to  fruits  and  vegetables  in  the  dietary  than  is  given  in  the 
Stiebeling  and  Ward  recommendations. 

We  may  repeat  here  the  recommendation:  (1)  that  at  least  half 
the  total  calories  be  taken  in  the  form  of  fruit,  vegetables,  and  milk 
(including  cheese,  cream,  and  ice  cream);  and  (2)  that  at  least 
half  the  cereals  and  breadstuff's  consumed  be  in  approximately 
whole-grain  forms,  with  all  white  bread  enriched. 


Table.  35.  Yearly  per  Capita  Consumption  of  Foods  at  Different  Economic  Levels  as 

Recommended  by  Stiebeling  and  Ward 


Food 

Adequate 

Diet  at 

Minimum  Cost 

Adequate 
Diet  at 

M oderate  Cost 

Liberal 

Diet 

Milk- 

quarts 

260 

305 

305 

Potatoes,  sweetpotatoes 

lbs. 

165 

165 

155 

Dried  beans,  peas,  nuts 

CC 

30 

20 

7 

Tomatoes,  citrus  fruits 

CC 

50 

90 

110 

Leafy,  green,  and  yellow  vege- 

135 

tables 

cc 

80 

100 

Dried  fruits 

cc 

20 

25 

20 

Other  fruits  and  vegetables 

cc 

85 

210 

325 

Flour,  cereals 

cc 

224 

160 

100 

Fats6 

cc 

49 

52 

52 

Sugars 

Meats,  poultry,  fish 

cc 

cc 

35 

60 

60 

100 

60 

165 

Eggs 

dozens 

15 

15 

30 

a  Including  such  milk  products  as  share  its  essential  nutritional  characteristics. 

The  approximate  equivalents  are  given  in  Table  30-  ,  . 

6  In  the  data  of  this  table,  bacon  and  fat  pork  are  included  under  Fats  and  not 

under  Meats. 


Food  Budgets  as  Guided  by  Nutritional  Knowledge 

The  Bureau  of  Human  Nutrition  and  Home  Economics  has  pre- 
mred  and  the  Department  of  Agriculture  has  issued  as  its  Misce  - 
Hneot  Publication  No.  662,  a  booklet  entitled,  “Helping  Families 

P1  The °followin'g  Excerpts  from  it  are  appropriate  to  our  present 


discussion. 

*  For  sale  by  the  Superintendent  of  Documents,  U.  • 
Office,  Washington  25,  D.  C.  Price,  1  cents. 


Government  Printing 
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Gauging  a  Family’s  Nutritional  Needs 

To  measure  the  nutrients  needed  by  a  given  family,  account 
must  be  taken  at  all  age  levels  of  the  size  and  activity  of  each  mem¬ 
ber.  The  dietary  allowances  for  children  are  based  on  average 
needs  for  the  middle  year  in  each  age  group.  They  are  for  children 
of  normal  activity  and  average  weight  and  height.  If,  however, 
children  vary  considerably  from  average  weight  and  height  for 
their  age,  the  quantities  in  the  next  higher  or  lower  age  group  may 
be  more  suitable. 

For  adults,  the  recommended  dietary  allowances  are  based  on 
the  needs  of  a  154-pound  man  and  a  123-pound  woman,  both  of 
average  height.  Men  and  women  considerably  above  or  below  the 
average  in  stature  may  have  a  higher  or  lower  calorie  requirement. 
Since  many  adults  think  of  themselves  as  more  active  than  they 
really  are,  the  following  illustrations  of  activity  are  given: 

“Sedentary”  persons  do  office  work,  clerking  in  a  store,  or  house¬ 
keeping  for  a  small  family — the  kind  of  work  that  calls  for  com¬ 
paratively  little  muscular  effort. 

“Active”  men  do  work  like  carpentering,  ordinary  farm  labor,  or 
factory  work.  “Moderately  active ”  women  do  work  such  as  waiting 
on  tables  or  housekeeping  for  a  moderate-sized  family. 

Men  at  “heavy  work”  spend  8  hours  or  more  a  day  at  such  work 
as  lumbering,  ditch  digging,  or  heavy  farm  labor.  “Very  active” 
women  do  work  such  as  heavy  housework  at  least  8  hours  a  day. 

A  person’s  activities  apart  from  his  job  are  also  important.  For 
example,  a  man  who  walks  to  and  from  work  and  spends  several 
hours  working  in  a  garden  or  around  the  house  may  be  in  the 
active  classification  even  though  his  job  is  considered  sedentary. 

he  energy  needs  of  many  persons  will  fall  midway  between 
two  of  the  classifications. 


Master  Food  Plans 

The  nutrients  for  an  adequate  diet  can  be  provided  by  many 
different  combinations  of  food.  Three  master  plans  for  meeting  the 

[Xbfe  37S’  7  “  t'  TC°SVand  *  “ate  cost,  are  liven 
I,  ’  and  '  In  fhese  plans  the  recommended  dietary 

allowances*  are  translated  into  terms  of  food.  Foods  are  classified 

groups  and  the  quantities  needed  weekly  are  given  for  persons 
*  Given  in  full  in  Table  42,  Appendix. 
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1  ABLE  36.  Food  Groups  and  Approximate  Number  of  Servings  per  Person ,  Low-cost 

and  Moderate-cost  Plans 


N umber  of  Servings  per  Person 

Food  Groups' 1 

Low-cost  Plan  Moderate-cost  Plan 

{Table  37)  {Table  38) 


Leafy,  green,  and  yellow  7  to  9  servings  a  week 
vegetables 


Citrus  fruit,  tomatoes 


Potatoes,  sweetpotatoes 
Other  vegetables  and  fruit 

Milk,  cheese,  ice  cream 
(In  terms  of  fluid 
milk) 


Meat,  poultry,  fish 
Eggs 

Dry  beans  and  peas,  nuts 

Flour,  cereal,  baked  goods 
(Whole-grain,  en¬ 
riched,  restored) 

Fats,  oils 


Sugar,  sirup,  preserves 


Children,  7  servings  a  week 
Pregnant  and  nursing 
women,  9  to  1 2  servings  a 
week. 

Other  adults,  6  or  7  serv¬ 
ings  a  week. 

10  to  12  servings  a  week 
7  servings  a  week 

Children,  about  3|  cups  of 
milk  a  day 

Pregnant  women,  a  little 
more  than  1  quart  daily 
Nursing  women,  1  §  quarts 
a  day. 

Other  adults,  2\ to  3  cups  a 
day. 

5  or  6  servings  a  week 
5  eggs  a  week 
2  to  4  servings  a  week 

Bread  at  every  meal  and 
also  a  cereal  dish  once  a 
day. 

Throughout  the  week  as 
desired.  Butter  or  marga¬ 
rine  daily. 

Throughout  the  week  as 
desired. 


10  to  12  servings  a  week 


Children,  8  to  9  servings  a 
week. 

Pregnant  and  nursing 
women,  1 2  to  1 5  servings  a 
week. 

Other  adults,  7  to  9  serv¬ 
ings  a  week. 

7  to  9  servings  a  week. 

10  to  12  servings  a  week. 

Children,  3|  to  4  cups  milk 
a  day. 

Pregnant  women,  a  little 
more  than  1  quart  daily. 

Nursing  women,  1  5  quarts 
a  day. 

Other  adults,  2\  to  3  cups  a 
day. 

7  or  8  servings  a  week. 

7  eggs  a  week. 

1  to  2  servings  a  week. 

At  every  meal. 


Throughout  the  week  as 
desired.  Butter  or  marga¬ 
rine  daily. 

Throughout  the  week  as 
desired. 


....  ,  t  ,  .  ...  _  1 1  iric  fish-liver  oil  or  some  other  source  of 

fbr^d^^liiidrcn  and' adults 

There  are  also  certain  nuscellaneous  food  cocoa,  chocolate; 

plan.  The  miscellaneous  hnT,u|.  ,ridtK  es  s  ]  and  soda;  prepared 

^XgTSdtS^  fe?  ,hese  items  but  allowance 

made  for  their  cost. 
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in  each  of  19  age,  sex,  and  activity  groups.  From  these,  plans  for 
families  of  different  sizes  and  composition  can  easily  be  made. 

These  plans  are  flexible  enough  to  fit  various  seasons,  places, 
and  family  tastes,  as  well  as  to  provide  variety  in  meals  from  day  to 
day  and  week  to  week.  Tables  37  and  39  are  for  low  cost  and  Table 
38  for  moderate  cost. 

Food  Quantities  in  Terms  of  Servings 

In  planning  menus  based  on  food-group  quantities,  it  is  helpful 
to  have  the  suggested  pounds  and  quarts  of  foods  translated  into 
approximate  numbers  of  servings.  This  is  done  in  Table  36. 

Selecting  the  Plan  to  Fit  .the  Budget 

Before  families  can  decide  whether  to  use  the  low-cost  or  the 
moderate-cost  food  plan,  they  will  need  to  know  about  how  much 
money  is  needed  for  each.  They  must  also  consider  food  cost  in 
relation  to  their  total  budget.  .  .  .  Studies  show  that  on  the  aver¬ 
age,  with  a  higher  income,  more  dollars  but  a  smaller  percentage 
of  income  goes  for  food.  With  equal  incomes,  large  families  spend 
more  for  food  per  family  but  less  per  person  than  do  small  families. 
The  actual  cost  to  a  family  of  the  food  in  these  plans  depends  on  a 
number  of  things — current  prices,  the  community  in  which  the 
family  lives,  and  whether  the  family  buys  in  quantity,  shops  around 
for  bargains,  or  produces  some  food  at  home.  For  families  who 
must  buy  all  of  their  food,  the  weekly  cost  of  the  foods  in  these 
plans  is  about  as  follows  at  September  1948  city  food  price  levels: 


Family  Members 

Low-cost 

M oder  ate- 

Plana 

cost  Plan 

Family  of  2  persons  (active  man,  sedentary  woman) 
Family  of  4  persons  (active  man,  moderately  active 

$11  to  $13 

$15  to  $17 

woman,  children  7-9  and  10-12  years) 

Family  of  4  persons  with  young  children  (active 

18  to  20 

25  to  27 

man,  moderately  active  woman,  and  children 

1—3  years  and  4—6  years) 

Family  of  6  persons  (active  man,  moderately  active 

15  to  17 

21  to  23 

woman,  boy  16-20  years,  girl  13-15  years,  and 
children  7  9  and  10—12  years) 

28  to  31 

39  to  42 

‘  ^ee  also  t  able  39  for  an  additional  low-cost  pl^  "  * 

Table  37.  Master  Food  Plan  at  Low  Cost.  Weekly  Qiiantities  o(  Food  (as  Purchased )  for  19  Age,  Sex,  and  Activity  Groups 
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Table  39.  A  Widely  Applicable  ( Second  Low  Cost )  Food  Plan,  from  United  States  Department  of  Agriculture,  Miscellaneous  Publication 
No.  662,  p.  16.  Weekly  Quantities  of  Food  {as  Purchased)  for  19  Age,  Sex,  and  Activity  Groups _ 
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EXERCISES 

1.  Taking  the  data  of  Table  28  as  fairly  typical  of  such  American 
dietaries  as  are  only  beginning  to  be  influenced  by  the  newer  knowl¬ 
edge  of  nutrition,  what  changes  in  the  distribution  of  the  food  money 
among  the  different  types  of  food  would  you  now  recommend? 

2.  If  the  allotment  of  the  food  money  were  readjusted  so  that  as 
much  was  spent  for  milk  and  cheese,  and  also  as  much  for  fruits  and 
vegetables,  as  for  meats  and  fish,  would  you  anticipate  an  increase  or  a 
decrease:  (a)  in  the  calcium  content  of  the  dietary;  ( b )  in  its  ascorbic- 
acid  (vitamin  C)  content;  (c)in  its  thiamine  content;  (d)  in  its  ribo¬ 
flavin  content;  (e)  in  its  vitamin  A  value;  (/)  in  the  excellence  of  its 
nutritional  character  as  a  whole? 

3.  As  it  is  known  that  meat  and  fruit  do  quite  directly  “compete 
for  the  consumer’s  food  money,”  what  effect  would  you  anticipate 
from  the  shifting  (a)  of  one-third  of  the  customary  expenditure  for 
meat  and  fish  to  fruit  instead,  ( b )  of  one-third  of  the  customary  ex¬ 
penditure  for  fruit  to  meat  instead? 

4.  Assuming  such  readjustment  of  the  food  budget  as  you  under 
the  guidance  ol  the  newer  knowledge  of  nutrition  consider  it  wise  to 
make,  would  this  call  for  any  essential  change  in  the  set-up  of  menus 

or  meal  plans,  or  only  for  increases  or  decreases  in  the  sizes  of  servings 
of  certain  foods? 

5.  Make  meal  plans  set  up  in  the  general  style  in  Rose’s  Feeding 
the  Family  and  incorporating  in  full  your  present  judgment  as  to 
the  best  relative  amounts  of  the  different  types  of  food. 

6  Compare  your  individual  dietary  or  food  consumption  record,  or 

to39°  3  fami  Y  Wh°m  y°U  kn°W’  Wkh  the  suSgestions  of  Tables  36 

Does  your  dietary  omit  any  one  of  the  eleven  “kinds”  into  which 
foods  are  grouped  in  those  tables?  If  so,  is  the  omission  an  advantage 
or  a  disadvantage  nutritionally?  Why?  ' 

someIfoods8tonh?ihdtfthe  faC*  ‘hat  reCCnt  and  currcnt  research  shows 
me  toods  to  be  better  investments  than  we  have  hitherto  known 

creli„gL”PrOVe  y°m'  dieUry  "“‘ritionally  without  seriously  in-’ 

lor the  further 

nutrition?1^'  ^  °f  ^nditure  guided 
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XXI 


HOW  TO  MAKE 
NUTRITIONAL  KNOWLEDGE 
MORE  EFFECTIVE 


“Nutrition  Policy” — Public  and  Personal 


The  ways  of  making  nutritional  knowledge  more  effective,  than 
it  has  yet  generally  become,  are  sometimes  grouped  into  three 
brackets  as  follows: 

( 1  )  Research  and  education  in  the  functions  of  nutrients,  the 
importance  of  nutrition  to  health  and  efficiency,  and  the  wise  use 
of  food  and  of  income; 

( - )  Direct  economic  action  to  promote  the  increased  produc¬ 
tion  and  consumption  of  foods  whose  larger  use  is  deemed  to  be 
nutritionally  the  more  desirable; 

(3)  Improvement  of  the  nutritional  environment  in  which  the 
people  live  by  requiring  certain  widely  used  foods  to  be  nutrition¬ 
ally  enriched,  restored,  or  fortified 


Following  the  general  usage  of  nutritionists  we  here  employ  the 
phrase,  nutnhon  policy,  the  word  “policy”  meaning,  according  to  a 
modern  dictionary,  primarily  a  definite  course  of  action  adopted 
as  expedient  or  from  other  considerations.  P 

i„7,hatJS’  thiS  !hapter  deals  with  definite  courses  of  action  look- 

bofh  a  beCVCr  mCTingly  CffeCtiVe  USe  °f  "°nal  knowl  dge 
(.  rng  “Ped.ent  and  for  reasons  which  may  be  deemed 

: SOme  pe°ple  assert  while 

of  '‘schoo,yiiiriches5  :ortoi  pubhc^wprxut  'T™'*  T"  3  P°'iCy 
child  feeding  aiming  to  ensure  th  u  f  ,  °F  another  form  of 

•  n.  ........  c.,„.  :tr„“ *  !,;r* 
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full  health  or  of  good  nutritional  status  shall  be  brought  within 
reach  of  all  children  of  school  age.  But  any  such  difference  of 
opinion  would  (at  this  stage  of  the  development  of  our  civiliza¬ 
tion)  probably  apply  only  to  the  expediency  of  the  particular  proj¬ 
ect  proposed.  Nearly  all  would  agree  that  for  reasons  of  social 
justice  if  not  also  of  expediency,  each  one  of  our  United  States 
should  see  that  none  of  its  children  lacks  food  needed  for  full 
health. 

Much  can  be  said  for  each  of  the  three  general  modes  of  at¬ 
tack  upon  the  problem  of  the  best  use  of  food  which  have  just 
been  mentioned.  Perhaps  the  thing  which  should  be  said  first  and 
with  most  emphasis  is  that  these  different  approaches  are  all  com¬ 
patible  with  each  other.  Progress  can  and  should  be  made  in  all 
these  ways  at  once. 

The  science  of  nutrition  is  still  a  fertile  field  for  research  and 
one  of  the  ways  of  making  it  more  effective  is  to  amplify  it,  and 
render  it  more  precise  in  detail,  by  further  research.  1  eaching  nu¬ 
trition,  and  using  its  guidance  in  food  economics  and  in  “the  en¬ 
richment  program,”  can  all  increase  the  effectiveness  of  the  nu¬ 
tritional  knowledge  which  we  now  have. 

All  three  of  these  approaches  to  “the  food  problem”  were  used 
at  the  same  time  in  the  United  Kingdom  during  the  Second  \\  orld 
War,  and  together  they  resulted  in  bringing  the  public  health 
of  England  up  to,  and  keeping  it  upon,  a  higher  plane  during  the 
war  than  before,  notwithstanding  the  wartime  reductions  of  food 
imports  and  the  diversion  of  medical  service  to  the  armed  foices. 
Public  education  in  foods  and  nutrition,  nutritional  guidance  in 
the  governmental  control  of  food  production  and  import,  the  legal 
requirement  of  nutritional  enrichment  of  such  a  widely  used  food 
as  white  flour,  and  national  control  of  the  use  of  feed-stuffs  and 
the  distribution  of  milk,  very  nearly  kept  up  the  Calories  of  the 
food  supply  and  actually  increased  its  mineral  and  vitamin  values 
with  corresponding  improvement  of  the  public  health. 

Sir  T.  C.  Drummond,  as  quoted  in  the  Journal  of  the  American 
Dietetic  Association,  has  said  that,  since  the  outbreak  of  the  Secon 
World  War,  Great  Britain  has  depended  for  nutritional  secun  y 
primarily  upon  potatoes,  mixed  vegetables  and  bread  rna  e  ro 
flour  containing  a  high  percentage  (usually  85  per  cent)  of  the 

“According  to  the  data  of  Montgome^  and  Cardell,  the  apparent 
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yearly  per  capita  consumption  of  sugar  in  the  United  States  in¬ 
creased  from  53  to  101  pounds,  and  of  commercial  fat  from  13  to 
44  pounds,  between  1889  and  1927.  And  Ohlson,  Nelson,  and 
Swanson,  using  these  data  in  their  1937  discussion,  point  out  that 
this  markedly  increased  consumption  of  commercial  fat  and  sugar 
is  largely  responsible  for  the  difficulty  now  experienced  by  home 
economics  women  in  making  dietaries  according  to  “the  pattern” 
or  “the  market”  of  today  which  shall  be  as  high  as  is  desirable  in 
the  many  now  recognized  essentials  without  being  too  high  in  cal¬ 
ories.  Here  the  outstanding  need  is  to  recognize  that  the  high  levels 
of  fat  and  sugar  consumption  which  have  crept  into  our  dietaries 
during  the  past  two  generations  are  not  to  be  regarded  as  perma¬ 
nent  parts  of  our  dietary  pattern  but  as  distortions  which  ought  to 
be  reduced  rigorously  to  make  room  for  more  of  the  foods  of  high 
mineral  and  vitamin  values. 


Research  and  Education  Policy,  and  Nutrition  Service 

It  was  especially  to  consider  the  broad  aspects  of  nutrition  policy 
that  the  League  of  Nations,  under  the  challenge  of  the  Delegation 
from  Australia  that  something  be  done  to  “Marry  agriculture  and 
health,  appointed  a  Mixed  Committee  representing  nutrition, 
agriculture,  and  economics,  under  the  chairmanship  of  Lord  Astor, 
whose  above  mentioned  declaration  that,  “It  isn’t  sufficient  that 
there ^be  enough  food;  there  must  be  enough  of  the  right  kinds  of 

food,  did  much  to  give  worldwide  currency  to  this  fundamental 
fact. 

The  British  Medical  Association  took  the  initiative  in  organiz¬ 
ing  a  conference  on  nutrition  policy  for  Great  Britain,  which  met 
in  London,  for  the  consideration  of  the  wider  aspects  of  nutrition 
on  APnl  27-29,  1939.  Its  key  note  recommendation  was  as  follows:’ 

The  conference  called  by  the  British  Medical  Association  and  com¬ 
posed  of  representatives  of  medicine,  agriculture  at  home  and 
overseas,  industry,  and  education,  is  deeply  impressed  with  the  im¬ 
portance  of  nutrition  to  the  national  welfare.  It  urges  upon  the 
Government  the  formulation  of  a  long-term  food  policy  in  which 
e  requirements  of  health,  agriculture,  and  industry  shall  be  con¬ 
sidered  in  mutual  relation.  It  is  convinced  that  measures  to  secure 
the  more  ready  availability,  to  all  sections  of  the  I  I 
foodstuffs  which  are  held  to  be  desirable  on  nutri  iZ  ground 
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should  be  accompanied  by  an  education  campaign  to  encourage 
their  increased  consumption.” 

In  the  United  States  the  Federal  and  State  Governments  have 
made  many  contributions  to  nutritional  research  and  education, 
but  as  yet  have  taken  only  somewhat  tentative  steps  in  the  way 
of  direct  economic  action  to  increase  the  production  of  the  right 
kinds  of  foods  for  the  best  nutrition  of  the  people.  As  the  combined 
results  of  research  and  education  reach  larger  numbers  of  people 
with  increasing  effectiveness,  these  people  come  consciously  to 
want  (for  themselves  and  others)  the  higher  health  that  the  newer 
knowledge  of  nutrition  offers.  Hence  it  begins  to  be  practicable 
for  the  allotment  of  funds  to  reward  right  use  of  the  land,  and  to 
purchase  surplus  foods  for  distribution  in  whatever  may  appear 
the  most  equitable  way  or  ways,  but  always  guided  more  fully  by 
nutritional  considerations  than  was  possible  in  the  past. 

Perhaps  the  underlying  condition  most  needed  in  order  to  make 
nutritional  knowledge  more  effective  is  a  keener  realization,  a  more 
constant  consciousness,  a  conviction,  of  the  fact  that  there  is  (or  may 
be)  a  highly  significant  difference  between  the  merely  adequate  and 
the  optimal  in  nutrition.  The  attempt  to  bring  about  this  realization 
is  not  a  hopeless  task,  for  important  progress  has  been  made  already. 
This  is  shown,  for  instance,  by  our  national  statistics  of  production 
and  consumption  of  fruits,  vegetables,  and  milk;  by  comparative 
dietary  studies  at  a  15-year  interval  in  New  York  City;  and  by  the 
editorial  statement  in  the  Journal  of  the  American  Medical  Asso¬ 
ciation  that  the  difference  between  merely  passable  health  and 
buoyant  health  is  coming  to  be  more  appreciated. 

Farmers  now  know  that  they  cannot  afford  to  keep  animals  of 
merely  passable  health.  The  level  of  productiveness  that  makes  a 
farm  animal  profitable  is  dependent  upon  a  state  of  nutrition  more 
nearly  optimal  than  that  which  is  merely  adequate  to  pass  a  vet¬ 
erinary  inspection.  Gove  Hambidge  remarks  that  many  a  farmer 
would  be  “ashamed  to  feed  his  livestock  as  casually  as  he  feeds  his 
family”;  and  suggests  that  it  would  be  no  more  than  intelligent 
for  us  (with  the  food-production  possibilities  which  our  country 
affords)  to  build  a  nation  of  people  as  sturdy  as  the  animals  in 

a  good  farmyard.  , 

The  preceding  paragraphs  do  not  imply  that  nutrition  is  solely 

responsible  for  the  difference  between  merely  passable  health  on 
the  one  hand  and  positive  or  buoyant  health  on  the  other.  Phys.cal 
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education  plays  several  parts;  and  heredity  is  a  large  factor  in  su¬ 
periority  both  in  the  human  family  and  among  its  domestic  animals. 
The  present  point  of  emphasis  is  that  both  heredity  and  training 
become  more  productive  when  supported  by  the  superior  nutri¬ 
tional  condition  and  internal  environment  to  which  our  newer 
knowledge  can  serve  as  a  guide.  More  can  now  be  accomplished 
through  nutrition  than  we  previously  were  wont  to  suppose. 

In  the  exceedingly  modest  terms  in  which  Sir  Frederick  Gow- 
land  Hopkins  put  it,  “Nurture  can  assist  Nature  to  a  larger  extent 
than  Science  has  hitherto  thought.” 

Thus  a  very  important  first  step  in  making  nutritional  knowl¬ 
edge  more  effective  is  to  train  oneself,  and  to  help  others,  to  an 
adequate  realization  of  its  potentiality. 

The  researches  of  Dove  at  the  Maine  Agricultural  Experiment 
Station  indicate  that  the  innately  superior  farm  animal  may  owe 
this  superiority  to  an  hereditary  endowment  which  guides  “instinc¬ 
tively”  to  better-than-average  eating  habits.  Then,  if  the  other  ani¬ 
mals  of  the  herd  are  fed  according  to  his  example,  their  level  of 
attainment  and  productivity  is  improved.  (This  seems  a  valuable 
suggestion  for  human  improvement;  but  one  to  be  used  with  very 

conscientious  care,  lest  it  be  perverted  by  citing  unrepresentative 

cases ! ) 


Nutrition  Policy  is  Made  Effective  by  Both  Economic 
and  Educational  Methods 

How  each  of  us  may  use  nutritional  knowledge  as  effectively  as 

possible  in  our  own  lives,  and  extend  its  benefits  to  the  lives  of  as 

many  other  people  as  possible,  is  both  an  economic  and  an  educa¬ 
tional  problem. 

It  is  economic  in  the  sense  that  most  of  us  would  follow  the  smid- 

ZT  H  ffneWer,kn?Wledge  °f  nUtrition  “mewhat  mom  readily 

n  tfesense  o'f  7h  y  T  ^  m°re  m°ney  l°  Spend  for  food;  and 

te  si  "“h 

Yet  at  the  same  time,  there  is  also  an  educational  problem;  for 
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careful  studies  show  clearly,  as  has  recently  been  especially  em¬ 
phasized  by  Stiebeling,  that  a  very  large  proportion  of  families  can 
learn  to  have  nutritionally  much  better  dietaries  than  they  now  do, 
even  at  their  present  levels  of  expenditure  for  food. 

Recognizing  that  both  economic  and  educational  problems  are 
involved,  many  people  are  now  of  the  opinion  that  the  primary  and 
fundamental  need  is  nutritional  consciousness  or  nutrition  policy; 
and  that  when  a  right  policy  in  regard  to  nutrition  is  consciously 
adopted,  both  educational  and  more  directly  economic  methods  will 
be  found  or  made  effective  for  its  promotion. 

Much  has  already  been  done  by  the  U.  S.  Department  of  Agri¬ 
culture  and  the  State  colleges  and  extension  sendees  in  agriculture 
and  home  economics;  and  by  state  and  local  nutritionists  and  nu¬ 
trition  committees.  And  in  recent  years,  the  Red  Cross  has  also 
done  much  for  public  education  in  nutrition. 

Nearly  every  state  department  of  health  now  provides  a  nutri¬ 
tion  service  in  some  form.  A  recent  summary  of  these  is  as  follows: 

State  nutrition  services.  A  report  of  the  U.  S.  Children’s  Bureau 
showed  that  during  the  fiscal  year  ending  June  30,  1947  the  States 
were  exercising  wide  individual  initiative  in  their  ways  of  making 
nutritional  knowledge  increasingly  effective  in  the  maternal  and 
child  health  activities  under  the  Social  Security  Act.  Plans  for  this 
work  in  forty-two  States  included  99  nutritionists,  of  whom  nine 
were  designated  as  directors,  41  as  consultants,  and  49  as  nu¬ 
tritionists.  One  state  employed  a  physician  as  director  of  nutrition 
service.  In  33  States  the  nutrition  unit  is  administratively  placed 
in  the  Division  of  Maternal  and  Child  Health,  and  in  four  addi¬ 
tional  States  the  nutritional  personnel  were  listed  with  the  maternal 
and  child  health  personnel;  while  in  five  States  the  nutrition  service 
was  in  a  separate  unit  responsible  to  the  State  health  officer.  Nu¬ 
trition  service  was  under  the  local  health  administration  in  three 
States;  under  Health  Education  in  two  States;  and  under  the  Di¬ 
vision  of  Preventive  Medicine  in  one  State.  At  least  eight  States 
were  planning  further  training  for  one  or  more  of  their  nutritional 

personnel. 

The  independently  incorporated  Nutrition  Foundation  states  its 
program  as  follows:  — 

“The  Nutrition  Foundation  is  primarily  concerned  with  advanc¬ 
ing  the  science  of  nutrition.  It  will  seek  this  end  by  activities  such 

as  these: 
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“Research  projects  which  have  an  immediate  bearing  upon  the 
war  emergency,  both  for  the  armed  forces  and  for  the  civilian  pop¬ 
ulation, 

“Research  work  which  has  a  long-range  value  in  providing  basic 
information  and  guidance  in  the  science  of  nutrition, 

“Research  studies  in  nutrition  which  have  a  direct  bearing  upon 
public  health, 

“Assistance  in  bridging  the  gaps  between  research  findings  and 
the  channels  through  which  such  information  may  become  effec¬ 
tive.” 

The  enrichment  program  offers  a  means  of  spreading  the  benefit 
of  one  part  of  the  newer  knowledge  of  nutrition  with  a  promptness 
comparable  to  some  sanitary  reforms  instead  of  by  the  slow  proc¬ 
ess  of  educating  every  individual  or  family  concerned.  When  spe¬ 
cialists  in  sanitary  science  and  the  necessary  administrative  officers 


are  convinced  of  the  importance  of  some  sanitary  measure  to  the 
public  health,  often  the  reform  can  be  put  into  effect  by  legisla¬ 
tion,  or  administrative  action,  or  the  two  together,  so  that  ever)' 
citizen  then  lives  in  a  better  sanitary  environment  whether  or  not 
he  has  been  educated  to  the  significance  of  the  reform.  Similarly  it 
now  seems  that  we  as  a  people  have  (or  had)  been  living  in  a  bad 
nutritional  environment  in  that  the  bread  almost  universally  used 
had  been  artificially  impoverished  of  most  of  its  thiamine  through 
the  over-refinement  of  white  flour,  and  that  now  the  leaders  of 
thought  in  the  nutrition  field  can  by  united  effort  have  the  thiamine 
restored  to  the  bread  supply  so  that  all  the  people  will  get  the  benefit 
promptly.  To  us  this  seems  sound  so  far  as  it  goes.  Realizing  that 
what  ts  projected  is  only  a  partial  restoration,  it  yet  seems  well 

worth  while;  and  that  it  may  well  be  supported  by  all  interested  i 
nutrition. 


in 


iNutntion  Lducation 

Underlying  all  these  and  many  other  activities  for  the  extension 
of  nutritional  knowledge  is,  of  course,  the  regular  teaching  of  nu 

£  dr  "d  5“ £22- 
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beling  and  Phipard  (1939).*  When,  having  estimated  individually 
the  nutrient  contents  of  a  very  large  number  of  family  dietaries, 
they  grouped  them  as  nutritionally  “good,”  “fair,”  or  “poor,”  it 
became  quite  clear  (as  indicated  earlier  in  this  chapter)  that  in  gen¬ 
eral  more  money  spent  for  food  means  a  larger  proportion  of  good 
dietaries;  but  also  that  with  the  same  amount  spent  for  food  some 
families  get  nutritionally  good  dietaries  while  some  of  their  neigh¬ 
bors  do  not.  For  example,  among  East  South  Central  city  families 
with  an  expenditure  (at  1939  price  levels)  of  $2.50  a  person  a 
week  for  food,  32  per  cent  bought  diets  nutritionally  “good,”  31 
per  cent  bought  diets  nutritionally  “fair,”  and  37  per  cent  (at  the 
same  level  of  expenditure!)  bought  diets  nutritionally  “poor.” 

Even  with  the  help  of  the  enrichment  program,  it  remains  true 
that  to  a  greater  extent  than  in  most  economic  and  hygienic  re¬ 
forms,  improvement  in  nutrition  must  be  attained  by  the  educa¬ 
tional  building  up  of  new  or  improved  habits  of  conscious  choice 
in  the  individual  citizen,  the  cumulative  effect  of  which  is  recog¬ 
nized  as  consumer  demand. 

Thus  the  purchase  of  a  dozen  oranges  or  an  extra  quart  of  milk 
may  confidently  be  expected  to  have  a  two-fold  influence:  ( 1 )  in 
the  building  of  a  higher  level  of  nutritional  wellbeing  and  resultant 
health  and  efficiency  in  the  family  or  individual  consumer;  and 
( 2 )  in  the  upbuilding  of  the  agricultural  industries  which  produce 
these  articles  of  food. 

Our  everyday  choices  of  food  are  probably  among  the  most  fre¬ 
quent  and  certainly  among  the  most  influential  of  the  conscious 
choices  that  we  make. 

What  serves  us  best  is  to  accept  wholeheartedly  the  guidance  of 
the  newer  knowledge  of  nutrition,  and  to  make  a  steady  habit  of 
acting  upon  this  scientific  guidance  just  as  fully  as  circumstances 
permit.  If  to  give  to  fruits,  vegetables,  and  milk  as  large  a  place  in 
the  dietary  as  present  nutritional  knowledge  shows  desirable  should 
involve  turning  over  a  new  leaf  in  one’s  daily  food  practice,  then 
let  it  be  turned  once  for  all:  not  grudgingly  and  hesitantly,  not  in 
a  spirit  of  fussiness;  but  definitely  and  with  cheerful  thanks  that 
science  has  shown  us  a  way  in  which  choices  that  we  make  every 
day  can  have  unexpectedly  far-reaching  beneficial  effects. 

Such  adoption  of  the  newer  knowledge  leaves  wide  latitude  lor 
individual  preference  and  for  due  consideration  of  economic  con- 

*  Full  reference  among  Suggested  Readings,  Chapter  XX. 
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ditions  in  the  choice  among  fruits  and  vegetables;  and  also  for 
choice  among  the  different  forms  of  milk  (fresh,  canned,  and 
dried)  and  such  of  its  products  as  sufficiently  possess  its  nutritional 
characteristics, — fermented  milk,  cheese,  cream,  and  ice  cream. 

As  explained  in  a  previous  chapter,  we  interpret  findings  now 
available  as  indicating  that  for  the  best  results  as  much  as  half  of 
the  needed  food  calories  should  be  taken  in  the  form  of  fruit,  vege¬ 
tables,  and  milk  in  some  form  or  forms.  For  those  who  do  not  find 
it  feasible  to  plan  their  food  in  terms  of  calories,  much  the  same 
result  will  usually  be  obtained  if  at  least  half  the  expenditure  for 
food  is  for  fruits,  vegetables,  milk,  cheese,  cream,  and  ice  cream. 
To  provide  more  fully  for  thiamine  (vitamin  Bi),  and  iron,  we 
have  recommended  also  that  of  such  amounts  of  breadstuff's  or 
cereals  as  one  may  choose  to  eat,  at  least  half  should  be  in  the  ap¬ 
proximately  “whole  grain”  forms;  and  we  now  add,  “Let  all  white 
bread  be  enriched.” 


Note  that  this  application  of  the  newer  knowledge  of  nutrition 
leaves  half  the  food  (whether  in  terms  of  calories  or  of  cost)  to 
the  free  choice  of  the  individual.  So  there  is  ample  room  to  “eat 
what  you  want  while  eating  what  you  should.”  Yet  for  those  who 
wish  guidance  in  all  of  their  expenditures  for  food,  there  is  the 
Department  of  Agriculture  publication,  “Helping  Families  Plan 
Food  Budgets,”  upon  which  we  have  drawn  freely  in  Chapter  XX. 

One  who  has  studied  carefully  the  new  scientific  knowledge  can 
get  its  benefit  without  necessarily  renouncing  any  particular  article 
or  type  of  food.  If  on  some  days  it  is  impracticable  to  make  as  mod¬ 
ern  a  selection  of  food  as  is  here  recommended,  one  can  even-up 
on  some  subsequent  day  or  days.  A  moderate  amount  of  such  prac- 
t!ce  as  the  exercises  suggested  at  the  ends  of  the  previous  chapters 
will  afford,  taken  thoughtfully,  should  enable  one  to  acquire  a 
sense  of  proportion  in  regard  to  foods  and  dietaries  which  will  give 
the  needed  guidance  without  constant  weighing,  measuring^  or 


ecorded  observations  extending  over  a  consecutive  period  of 
four  years  leave  the  definite  impression  that  one  may  eat  amoni- 
other  people  accepting  the  food  choices  made  by  others  to  the 

“  “tent  that  buslness  and  social  customs  call  for,  not  making 
oneself  conspicuous  or  self-conscious,  but  so  balancing  in  the  meals 
which  are  under  one’s  control  (and  in  the  choices  which  even  con 
entional  meals  allow)  that  half  of  the  total  food  calories  will  be 
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taken  in  the  form  of  fruits,  vegetables,  and  milk,  in  accordance 
with  the  suggestion  already  made  and  discussed. 


Freedom  in  the  Choice  of  Food 

An  important  factor  in  making  nutritional  knowledge  fully 
effective  is  a  realization  that,  as  already  explained  in  part,  a  wide 
freedom  of  choice  of  food  is  entirely  compatible  with  the  gaining 
of  the  benefits  which  the  newer  chemistry  of  nutrition  offers. 

Freeing  of  the  mind  from  needless  inhibitions  in  one’s  choices 
among  foods  helps  one  to  a  more  effective  use  of  scientific  guidance 
in  nutrition;  and  it  is  also  worthwhile  from  the  viewpoint  of  the 
pleasures  of  the  palate.  For,  as  an  editorial  writer  has  pointed  out, 
beside  the  meeting  of  nutritional  needs,  “eating  has  an  immense 
vogue  as  an  amusement.” 

Religious  inhibitions  in  the  use  of  food  do  not  fall  within  the 
scope  of  this  book  to  discuss  further  than  to  say  that  the  newer 
knowledge  of  food  values  makes  it  easier  to  provide  full  nutritional 
equivalents  for  any  particular  article  of  food  which  may  be  inter¬ 
dicted. 

Sanitary  considerations  may  also  be  given  all  due  weight  without 
significantly  hampering  our  food  choices.  Until  recently,  discussions 
of  food  and  health  have  dwelt  largely  upon  ways  in  which  food  may 
conceivably  do  injury.  Public  pressures  for  “pure  food”  legislation, 
and  the  resulting  Federal  and  State  laws,  have  been  activated  chiefly 
by  fears  of  injury  and  fraud;  and  as  embodied  in  statute  have  dealt 
mainly  in  prohibitions  of  adulteration  and  misbranding.  If  with 
these  laws  in  operation  too  many  people  still  harass  themselves  and 
hamper  their  use  of  nutritional  knowledge  by  exaggerated  fears  of 
unsanitary  qualities  in  food,  it  is  because  they  do  not  yet  full) 
realize  that  during  the  past  thirty  years,— partly  through  the 
permanent  accomplishments  of  the  “pure  food  movement  and 
partly  through  the  advances  of  nutritional  knowledge,— center 
of  oravity  of  the  problem  of  the  relations  of  food  to  health  and  social 
welfare  has  shifted  from  sanitation  to  nutrition. 

This  is  not  to  say  that  all  the  sanitary  problems  of  the  food  supply 
have  been  entirely  solved.  It  is  to  say  that  sanitary  practices  and 
nutritional  knowledge  now  stand  at  such  points  that  the  consumer 
who  thinks  of  his  food  choices  chiefly  in  terms  of  his  fears  is  sadly 
behind  the  times;  and  that  it  is  far  wiser  to  think  of  our  foo 
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primarily  in  terms  of  what  they  can  do  constructively  in  the  building 
of  higher  health.  Inasmuch  as  the  constructive  health  values  of  a 
scientific  choice  of  foods  have  been  considerably  emphasized 
throughout  this  book  we  must  assume  that  the  reader  will  bear 
them  in  mind  when  we  now  mention  the  considerations  which  may 
occasionally  tend  to  divert  our  food  consciousness  back  into  its  old 
unhappy  channels.  Obviously,  consumers  may  sometimes  have  oc¬ 
casion  to  assert  themselves,  either  directly  or  through  their  local 
health  officers,  in  regard  to  proper  standards  of  municipal  house¬ 
keeping  cleanliness  in  the  retail  handling  of  foods.  Thirty  to  forty 
years  ago  there  was  need  of  greater  cleanliness  in  slaughterhouses 
and  on  dairy  farms;  during  the  intervening  years  the  conditions 
formerly  complained  of  have  been  very  generally  corrected. 

In  America  at  least,  the  sanitary  conditions  surrounding  the 
production  and  handling  of  milk  have  been  so  greatly  improved 
and  are  now  so  carefully  and  constantly  safeguarded  by  the  health 
authorities  of  most  communities  that  the  consumer  need  no  longer 
feel  any  special  anxiety  regarding  the  safety  of  the  market  milk 
supply. 

Under  the  United  States  meat  inspection  law,  Federal  inspec¬ 
tion  of  animals  for  slaughter  and  of  the  sanitary  conditions  of 
handling  meat,  governs  the  operations  of  establishments  which  en¬ 


gage  in  interstate  commerce  in  meats  or  meat  products.  This  in¬ 
spection  is  quite  thorough  in  most  respects;  but  the  Federal  au¬ 
thorities  have  not  found  it  feasible  to  include  the  microscopic  ex¬ 
aminations  which  would  be  necessary  to  exclude  pork  which  is 
infested  with  trichinae.  Nor  have  any  local  health  officers,  so  far  as 
we  know.  The  consumer’s  protection  from  trichinosis  depends, 
therefore,  on  individual  insistence  upon  very  thorough  cooking  of 
the  flesh  of  swine  in  whatever  form  it  is  eaten.  (Current  reports 
of  frequency  of  trichinosis  indicate  that  this  precaution  is  not  yet 
as  fully  appreciated  as  it  should  be.)  7 

Meat  of  local  origin,  which  has  not  been  subject  to  Federal  in- 
tary'safeguards.0^  ^  ^  ^  **  its  sani- 


In  former  years,  there  was  much  controversy  as  to  what  nre- 
servative  substances  might  be  added  to  foods  and  under  what  Ton 
dthons.  The  question  (or  group  of  questions, -for  each  pre  erva 
tive  should  of  course  be  judged  individually  after  investigation  on 
■ts  own  merits)  was  studied  in  considerable  detail  b^he  United 
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States  Department  of  Agriculture,  both  in  its  laboratories  in  Wash¬ 
ington  and  through  consultants  working  in  their  own  laboratories 
in  several  universities;  and  the  rulings  based  on  the  findings  of 
these  investigations  have  been  followed  for  a  generation  in  the 
enforcement  of  the  food  laws  without  giving  rise  to  any  serious 
difference  of  legal  or  scientific  opinion.  Hence  the  question  of 
preservatives  may  presumably  be  regarded  as  having  been  settled 
in  the  sense  that  it  need  no  longer  be  carried  as  anxiety  in  the  mind 
of  the  consumer,  or  bias  one’s  choice  of  food. 

Spray  residues  on  fruits  and  vegetables  constitute,  however,  a 
somewhat  analogous  problem  which  is  not  yet  ( 1950)  settled  in  the 
same  sense.  Until  less-toxic  sprays  or  more  thorough  methods  of 
commercial  washing  to  remove  spray  residues  are  introduced,  it 
may  be  wise  for  the  consumer  either  to  reject  the  entire  skin  of 
sprayed  fruits  and  vegetables  or  to  scrub  very  thoroughly  in  wash¬ 
ing  such  foods  before  eating,  and  also  to  remove  by  means  of  a 
knife  all  parts  which  cannot  be  effectively  reached  in  scrubbing. 
Spray  residues  thus  constitute  a  part  of  a  larger  problem  as  to 
whether  any  of  the  supposed  improvers  used  in  food  technology 
leave  anything  in  the  food  which  may  be  deleterious  when  con¬ 
sumed  almost  daily  over  a  lifetime. 

The  Government  seems  now  (1950)  to  be  taking  more  seriously 
any  sanitary  hazards  of  present-day  food  supply  as  may  conceivably 
be  of  such  nature  as  to  interfere  seriously  with  the  choice  of  foods 

for  their  nutritive  values.  , 

Food  allergies,  which  render  the  people  afflicted  with  them  ab¬ 
normally  sensitive  to  foods  which  are  perfectly  wholesome  to  nor- 
mal  people,  may  seriously  handicap  food  choices  in  relatively  rare 
cases.  The  services  of  a  physician  who  specializes  in  allergy  may  be 
required  to  determine  whether  a  person  who  thinks  he  canno 
eat”  some  important  article  or  type  of  food  is  suffering  from  a  real 

*"sr <m ..  *»> 

limitation  .Jon  th,  ohoic.  ot  hod  .1*1  «■ 
much  as  all  members  of  the  family  would  like  to  eat  of  t 

of  their  choice.  Here,  education  in  ‘family' m 

live  values  can  do  much  to  assist  the  individual  or  the  lam  y 

get  the  maximum  of  satisfaction  for  the  food  expenditum,  as  we 
fave  sought  to  explain  in  the  preceding  chapter  and  the  earlier 

pages  of  this  one. 
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Further  Consideration  of  Consumer  Demand  and  the 
Consequent  Adjustment  of  Food  Production 

There  need  be  no  fear  about  the  ability  of  our  farms  to  supply 
the  extra  fruit,  vegetables,  and  milk  that  will  be  called  for  as  more 
and  more  consumers  shift  the  emphasis  of  their  food  choice  in  the 
direction  which  our  newer  knowledge  of  nutrition  indicates. 

We  are  informed  by  experts  of  the  United  States  Department  of 
Agriculture  that  the  farmers  of  this  country  could  readily  increase 
many-fold  their  present  production  of  practically  any  fruit  or 
vegetable  for  which  there  is  sufficient  growth  of  consumer  demand. 
Land  and  labor  formerly  devoted  too  exclusively  to  the  growing  of 
cotton,  and  for  which  diversification  is  now  universally  recognized 
as  needed  on  grounds  of  business  economics  in  any  case,  may  well 
be  devoted,  in  part  or  in  rotation,  to  the  growing  of  small  fruits, 
melons,  and  fresh  vegetables  (often  referred  to  in  agricultural  and 
economic  terms  as  “truck  crops”).  Here  there  is  an  enormous  po¬ 
tential  resource  for  the  meeting  of  a  growing  market  demand  for 
fruits  and  vegetables;  and  the  growth  of  such  consumer  demand 
will  be  favorable  to  the  farmer  in  two  ways,  by  relieving  him  from 
financial  dependence  upon  a  single  cash  crop  and  by  greatly  im¬ 
proving  the  home-grown  food  supply  of  the  farm  family. 

Moreover,  according  to  the  findings  of  Dr.  O.  E.  Baker  (long  of 
the  United  States  Department  of  Agriculture),  fruit  occupies  only 
from  1  to  2  per  cent,  and  vegetables  only  about  4  per  cent  of  the 
crop  acreage  in  this  country,  so  that  production  of  both  could  be 
doubled  or  trebled  without  affecting  the  returns  from' other  crops 
to  any  serious  degree.  F 

Some  regions  and  some  breeds  of  cattle  are  adapted  to  the  pro¬ 
duction  of  meat  and  others  to  the  production  of  milk.  This  country 
has  enough  of  the  former  to  ensure  an  abundant  meat  supply  in  any 
case;  but  it  is  also  true  that  there  are  enormous  areas  of  our  most 
producnve  farm  lands  which  can  and  do  produce  both  meat  and 
milk,  and  shift  their  emphasis  toward  the  one  or  the  other  “accord- 
mg  to  the  market,  ’  i.e.,  to  the  consumer  demand. 

cultum?, h*  alS.°  °<her  reS'0nS  'n  Wh‘Ch  the  most  Profitable  agri¬ 
cultural  alternatives  are  meat  on  the  one  hand  and  some  fruit  or 

f  *  on  ,he  °ther;  e'g ”  apPles  in  the  Northwest;  and  lettuce  in 
Colorado,  where  they  still  speak  of  the  partially  convmed  cat t  emen 
who  want  to  sow  their  lettuce-seed  from  the  saddle.”  "Iemen 
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The  Federal  agricultural  experts  have  also  made  careful  esti¬ 
mates  of  the  relative  amounts  of  human  food  produced  by  a  given 
acreage  of  farm  land,  with  separate  consideration  of  plowed  land 
and  pasture  land  when  animal  production  is  involved.  To  enter 
fully  into  this  important  study  of  our  present  and  potential  food 
production  resources  would  lead  beyond  the  scope  of  this  book.*  It 
suffices  for  our  present  purpose  to  say  that  fruits,  vegetables,  and 
milk  are  more  advantageous  crops  for  the  farmer  to  produce  (even 
if  they  require  more  attention)  than  are  their  usual  alternatives,  so 
that  the  increasing  emphasis  upon  these  foods  can  not  only  be 
amply  met  by  our  farmers  but  will  also  be  distinctly  helpful  to  the 
normal  evolution  of  American  agriculture. 

Whatever  part  political  policy  or  statesmanship  may  play,  the 
science  of  nutrition  will  increasingly  serve  human  progress  through 
an  ever  better  informed  and  more  intelligent  consumer  demand  in 
the  daily  choice  and  use  of  food. 

This  daily  use  of  our  science, — alike  to  “'illuminate  the  mind” 
and  to  “ameliorate  man’s  estate,” — is  an  opportunity  and  a  re¬ 
sponsibility  in  which  each  of  us  has  a  share. 

EXERCISE 

Write  your  own  supplement  to  the  foregoing  discussion  of  how  to 
make  nutritional  knowledge  more  effective. 
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FATTY  ACIDS 


With  few  if  any  exceptions  the  fatty  acids  of  natural  fats  contain 
even  numbers  of  carbon  atoms;  for  both  their  building-up  and  break¬ 
ing  down  processes  go  on  mainly,  if  not  entirely,  by  steps  which  add  or 
remove  a  two-carbon  “link”  at  a  time. 

Also  these  fatty  acids  belong,  so  far  as  known,  to  one  or  another  of 
five  series:  the  saturated  series,  of  which  stearic  acid  is  an  example, 
in  which  the  molecule  has  no  “double  bond”;  the  series  which  in¬ 
cludes  oleic  acid,  which  is  unsaturated  to  the  extent  of  one  double 
bond  in  the  molecule,  and  three  turther-unsaturated  series  with,  re¬ 
spectively,  two,  three,  and  four  double  bonds  in  the  molecule. 

All  statements  regarding  the  occurrence  of  fatty  acids  in  fats  are  to 
be  understood  as  meaning  that  the  acid  occurs  as  glyceride  (triglyce¬ 
ride),  perhaps  accompanied  by  a  trace  of  the  same  acid  in  a  free  state. 


Saturated  Fatty  Acids 

tyJe\™Uu]aterHtoadTl,COnStitU'e  homoI°g°us  series  of  the 
thfs  series  are:  C"H2,°2'  The  nutntl™aIIy  important  members  of 

Butyric  acid,  CH3  (CH,),  COOH  (or  more  simply  written 
5  m6  percen“mnS  *  ”  ^  °f  which  “  constitutes  abou" 

cTpiyiiziid  chh°o  oTn in  milk  fats  and  coc°nut  oi,i* 

oil;  P  y  ’  8H,'°2’  Wh‘ch  also  occurs  ^  milk  fats  and  coeonut 

.he^rnuttd^nhf^rCh”2  *“  ^  f**  °f  of 

^i^tSs;,^  a-d  p- 
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Myristic  acid ,  C14H2802,  which  also  occurs  in  the  fats  just  named, 
and  in  small  proportions  in  many  plant  and  animal  fats; 

Palmitic  acid,  Ci6H3202,  which  occurs  widely  and  abundantly  in 
both  animal  and  vegetable  fats; 

Stearic  acid,  C18H3602,  which  also  is  widely  distributed  in  both 
plant  and  animal  fats,  more  abundantly  in  the  hard  fats  of  both 
groups.  (While  stearin  as  a  scientific  term  is  the  name  for  the  indi¬ 
vidual  chemical  substance,  glyceryl  tristearate,  the  triglyceride  of 
stearic  acid  alone;  the  harder  portion  of  a  fat  as  pressed  industrially 
may  in  commerce  be  called  its  stearin,  e.g.,  “beef  stearin,”  “cottonseed 
stearin,”  etc.)  ;  and 

Arachidic  acid,  C20H40O2,  which  takes  its  name  from  peanut  oil,  has 
also  been  found  in  several  other  food  fats. 


Unsaturated  Fatty  Acids 

The  best  known  fatty  acids  of  the  series  CnH2n-202 are: 

Oleic  acid,  C18H3402,  which  occurs  in  nearly  all  fats  and  fatty 
oils;  and 

Erucic  acid,  C22H42O0,  long  known  as  occurring  in  the  seed  fats  of 
the  cruciferous  plants  such  as  commercial  rapeseed  and  mustardseed 
oils,  and  more  recently  found  to  occur  also  in  marine  animal  oils. 

Acids  of  the  series  CnH2n_402,  CnH2-fi02,  and  CnH2n.802  are 
illustrated  respectively  by  linoleic  acid,  Ci8H3202;  linolenic  acid, 
ClsH3o02;  and  arachidonic  acid,  C2oH3202.  These  aie  the  best  known 
members  of  their  respective  series;  but  probably  many  others  exist  in 
nature.  It  is  also  quite  probable  that  these  well-established  names  may 
sometimes  be  applied  inadvertently  to  unidentified  isomers  as  well  as 
to  the  individual  substances  originally  isolated  and  named. 

In  the  earlier  chemical  investigations  of  natural  fats  small  amounts 
of  these  highly  unsaturated  fatty  acids  were  doubtless  often  overlooked. 
Now  that  their  apparent  nutritional  importance  is  stimulating  re- 
investigation  they  are  being  found  more  widely  distributed  than 
previously  reported,  and  new  members  are  being  added  to  this  group. 
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DIGESTIVE  ENZYMES 


The  Chief  Digestive  Enzymes  and  Their  Actions 


Enzymes  Secreted  by  Action 


Act  on 
Carbo¬ 
hydrates 


fPtyalin  (salivary  amy¬ 
lase) 

I  Amylopsin  (pancreatic 
amylase) 
llnvertase  (Sucrase) 


jMaltase 

Lactase 


Salivary  glands 
Pancreas 

Intestinal  mucosa 

Intestinal  mucosa 
Intestinal  mucosa 


Converts  starch  to 
maltose 

Converts  starch  to 
maltose 

Converts  sucrose  to 
glucose  and  fruc¬ 
tose 

Converts  maltose  to 
glucose 

Converts  lactose  to 
glucose  and  galac¬ 
tose 


Act  on  f  Lipases 

Fats  t 


Gastric  mucosa  and 
pancreas 


Pepsin 


Act  on  Y‘TryPsin”  (actually 
Proteins  <  «rouP  of 


“Erepsin”  (actually 
group  of  enzymes) 


Gastric  mucosa 


a  Pancreas 


a  Intestinal  mucosa 


Split  fats  to  fatty 
acids  and  glycerol 

Splits  proteins  to 
proteoses  and  pep¬ 
tones 

Splits  proteins  to 
proteoses,  peptones, 
polypeptides,  and 
amino  acids 

Splits  peptones  to 
amino  acids  and 
ammonia 
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Appendix  C 


COMPOSITION  AND  NUTRITIVE  VALUES 

OF  FOODS 


In  the  tabulations  which  follow,  the  nutrients  are  stated  per  100 
grams  of  the  edible  food  material  (also  sometimes  written  per  100  g. 
of  the  edible  portion,  E.P.) . 

Table  40  shows  the  approximate  dimensions  of  a  100  g.  portion 
of  nearly  every  food  included;  then  the  grams  (percentage  by  weight) 
of  protein,  fat,  and  carbohydrate;  then  in  parallel  columns  the  num¬ 
bers  of  Calories  as  computed  ( a )  by  the  “Atwater”  and  ( b )  by  the 
“more  specific”  factors  (Chapter  IV). 

Table  41  shows,  for  nearly  every  food  included  therein:  (a)  the 
milligrams  of  calcium,  phosphorus,  iron,  ascorbic  acid  (vitamin  C), 
thiamine  (vitamin  Bj),  riboflavin,  and  niacin;  then  ( b )  the  Inter¬ 
national  Units  of  vitamin  A:  each  per  100  g.  of  the  edible  material. 

The  chief  source  of  the  data  in  these  tables  is  Agriculture  Handbook 
No.  8  published  by  the  U.  S.  Department  of  Agriculture  in  June  1950. 
A  few  foods  not  included  in  the  Department’s  table  are  included  in 
one  or  both  of  Tables  40  and  41.  In  a  few  additional  cases  of  indi¬ 
vidual  nutrient  values  we  have  substituted  a  question  mark  for  what 
seemed  to  be  a  dubious  reported  figure. 

Supplementary  data  less  well  suited  to  comparison  of  energy  factors 
than  those  in  Table  40  but  still  useful  for  many  purposes  of  dietary 
computation  are  here  included  in  Table  40A. 
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Table  40.  Protein ,  Fat ,  and  Carbohydrate  Content  and  Energy  Value  of  Foods:  Expressed  per  100  Grams  of  the  Edible  Material 

Energy  Value 

Car  bo-  Atwater  Specific 

Food  Approximate  Measure  Protein  Fat  hydrate  h  actors  Factors 
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*  Figures  in  parenthesis,  imputed  value, 
f  With  4%  non-fat  milk  solids. 


Table  40.  Protein,  Fat,  and  Carbohydrate  Content  and  Energy  Value  oj  Foods:  Expressed  per  TOO  Grams  of  the  Edible  Material  ( Continued r) 

Energy  Value 

Carbo-  Atwater  Specific 

Food  Approximate  Measure  Protein  Fat  hydrate  Factors  Factors 
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Figs,  raw  3  diam. 
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Table  40.  Protein ,  Fat,  and  Carbohydrate  Content  and  Energy  Value  of  Foods:  Expressed  per  100  Grams  of  the  Edible  Material  {Continued.) 

Energy  Value 

Carbo-  Atwater  Specific 

Food  Approximate  Measure  Protein  Fat  hydrate  Factors  Factors 
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Pears,  fresh  1  large 
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Table  40.  Protein ,  Fat,  and  Carbohydrate  Content  and  Energy  Value  of  Foods:  Expressed  per  100  Grams  of  the  Edible  Material  ( Continued ) 
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Table  40A.  ( Supplement  to  Table  40.)  Data  from  U.  S.  Department  of  Agriculture  and  2nd  Edition  of  This  Book 
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Table  40A.  ( Supplement  to  Table  40.)  Data  from  U.  S.  Department  of  Agriculture  and  2nd  Edition  of  This  Book  ( Continued ) 
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Oysters,  meat  only  4  large,  or  3  c.  solids 


'  I  able  40 A.  ( Supplement  to  Table  40.)  Data  from  U.  S.  Department  of  Agriculture  and  2nd  Edition  of  This  B< 
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Table  41.  Approximate  Averages  of  Certain  Mineral  and  Vitamin  Values  in  Typical  Foods:  Expressed  per  100  Grams  of  the 

Edible  Material 
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Table  41.  Approximate  Averages  of  Certain  Mineral  and  Vitamin  Values  in  Typical  Foods:  Expressed  per  100  Grams  of  the 

Edible  Material  {Continued) 
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Swiss,  Parmesan,  Pineapple,  Roquefort  and  Stilton  have,  like  Cheddar,  about  one  per  cent  of  calcium;  while  those  which  like  Cottage 
are  coagulated  by  acidification  have  only  about  one-eighth  as  much. 

§  Based  on  yellow  corn;  white  corn  contains  only  a  trace. 

If  Based  on  yellow  cornmeal;  white  cornmeal  contains  only  a  trace. 

J|  Based  on  pared  cucumbers;  unpared  contains  about  260  I.U.  vitamin  A  per  100  grams. 


Table  41.  Approximate  Averages  of  Certain  Mineral  and  Vitamin  Values  in  Typical  hoods:  Expressed  per  100  C, 

Edible  Material  ( Continued ) 
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Halibut  13  211 
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*  More  if  enriched. 

f  Other  investigators  have  given  much  higher  results  for  the  vitamin  value  of  kale. 


Table  41.  Approximate  Averages  oj  Certain  Mineral  and  Vitamin  Values  in  Typical  Foods:  Expressed  per  100  Grams  of  the 

Edible  Material  ( Continued ) 
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Oleomargarine,  see  Margarine 

Olives,  green  87  17  1.6  —  trace  —  —  300 

ripe,  Mission  87  17  1.6  —  trace  trace  —  60 
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*  Based  on  the  average  vitamin  A  content  of  fortified  margarine.  “Most  of  the  margarines  manufactured  for  use  in  the  United 
States  have  15,000  I.U.  of  vitamin  A  added  per  pound.  The  minimum  Federal  specifications  for  fortified  margarine  require  the  addi¬ 
tion  of  9,000  I.U.  of  vitamin  A  per  pound.”  U.  S.  Dept.  Agriculture, 
f  Minerals  and  vitamins  are  calculated  from  a  recipe. 


Table  41.  Approximate  Averages  of  Certain  Mineral  and  Vitamin  Values  in  Typical  Foods:  Expressed  per  100  Grams  of  the 

Edible  Material  ( Continued ) 
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Table  41.  Approximate  Averages  of  Certain  Mineral  and  Vitamin  Values  in  Typical  Foods:  Expressed  per  100  Grams  of  the 

Edible  Material  ( Continued ) 
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From  Columbia  University  data  through  second  edition  of  this  book. 


Appendix  D 


RECOMMENDED  DIETARY  ALLOWANCES 


Table  42,  with  its  accompanying  footnotes  and  “Further  recom¬ 
mendations,”  is  reproduced  from  Number  129  of  the  Reprint  and 
Circular  Series  of  the  National  Research  Council,  2101  Constitution 
Avenue,  Washington,  25,  D.  C. 

In  the  original  publication  may  also  be  found  a  review  of  some  of 
the  evidence  on  which  are  based  the  expert  judgments  represented  in 
the  recommendations.  It  is  pointed  out  that,  “The  Board  recognizes  a 
responsibility  to  explain  as  clearly  as  it  can  (even  at  the  cost  of  some 
near- repetition)  just  how  the  levels  of  nutrient  intake  which  it 
recommends  are  related  to  the  lesser  quantities  which  are  essential  to 
avoid  manifest  nutritional  deficiencies.  Studies  on  man,  as  well  as 
more  complete  experience  with  animals,  clearly  indicate  substantial 
improvements  in  growth  and  function  when  the  intakes  of  certain 
nutrients  are  increased  above  the  level  which  is  just  sufficient  to  pre¬ 
vent  obvious  deficiency  symptoms.  The  level  above  which  lesions  or 


symptoms  are  not  commonly  observed  is  merely  one  point  on  a  long 
( urve  relating  intake  to  function.  The  allowance  of  a  margin  of  intake 
above  the  critical  level  for  each  nutrient  is,  therefore,  "designed  to 
permit  additional  benefits  as  well  as  to  cover  individual  variations. 
No  fixed  formula  for  computing  the  margin  between  “minimal  re¬ 
quirements”  and  “recommended  allowances”  would  be  equally  logical 
for  all  nutrients  or  for  all  population  groups.  There  is  now  much 
evidence  from  long-term  animal  experimentation  that,  aside  from 
individual  variations  of  need,  the  margins  between  optimal  intake  and 
minimal  requirements  are  wider  for  some  nutrients  than  for  others 
In  the  judgment  of  the  Board  substantially  lower  levels  than  those 
given  in  the  accompanying  table  would  not  be  expected  to  give  equally 
good,  results  with  large  numbers  of  people  through  long  periods  of 
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APPENDIX  D 


Further  Recommendations  of  the  National  Research  Council: 


Fat.  There  is  available  little  information  concerning  the  human  re¬ 
quirement  for  fat.  Fat  allowances  must  be  based  at  present  more  on 
food  habits  than  on  physiological  requirements.  While  a  requirement 
for  certain  unsaturated  fatty  acids  (the  linoleic  and  arachidonic  acids 
of  natural  fats)  has  been  amply  demonstrated  with  experimental 
animals,  the  human  need  for  these  fatty  acids  is  not  known.  In  spite 
of  the  paucity  of  information  on  this  subject  there  are  several  factors 
which  make  it  desirable  ( 1 )  that  fat  be  included  in  the  diet  to  the 
extent  of  at  least  20  to  25  per  cent  of  the  total  calories  and  (2)  that 
the  fat  intake  include  essential  unsaturated  fatty  acids  to  the  extent  of 
at  least  1  per  cent  of  the  total  calories.  At  higher  levels  of  energy  ex¬ 
penditure,  e.g.,  for  a  very  active  person  consuming  4500  calories  and 
for  children  and  for  adolescent  persons,  it  is  desirable  that  30  to  35  per 
cent  of  the  total  calories  be  derived  from  fat.  Since  foodstuffs  such  as 
meat,  milk,  cheese,  nuts,  etc.,  contribute  fat  to  the  diet,  it  is  necessary 
to  use  separated  or  “visible”  fats  such  as  butter,  oleomargarine,  lard, 
or  shortenings  to  supply  only  one-third  to  one-half  the  amounts  in¬ 
dicated. 

Water.  A  suitable  allowance  of  water  for  adults  is  2.5  liters  daily  in 
most  instances.  An  ordinary  standard  for  diverse  persons  is  one  milli¬ 
liter  for  each  calorie  of  food.  Most  of  this  quantity  is  contained  in 
prepared  foods.  At  work  or  in  hot  weather,  requirements  may  reach  5 
to  13  liters  daily.  Water  should  be  allowed  ad  libitum,  since  sensations 
of  thirst  usually  serve  as  adequate  guides  to  intake  except  for  infants 


and  sick  persons. 

Salt.  The  needs  for  salt  and  for  water  are  closely  interrelated.  A 
liberal  allowance  of  sodium  chloride  for  the  adult  is  5  grams  daily, 
except  for  some  persons  who  sweat  profusely.  The  average  normal  in¬ 
take  of  salt  is  10  to  15  grams  daily,  an  amount  which  meets  the  salt 
requirements  for  a  water  intake  up  to  4  liters  daily.  When  sweating  is 
excessive,  one  additional  gram  of  salt  should  be  consumed  for  each 
liter  of  water  in  excess  of  4  liters  daily.  With  heavy  work  or  in  hot 
climates  20  to  30  grams  daily  may  be  consumed  with  meals  and  in 
drinking  water.  Even  then,  most  persons  do  not  need  more  salt  than 
usually  occurs  in  prepared  foods.  It  has  been  shown  that  after  ac¬ 
climatization  persons  produce  sweat  that  contains  only  about  0.5  gram 
to  the  liter  in  contrast  with  a  content  of  2  to  3  grams  for  sweat  ot  the 
unacclimatized  person.  Consequently  after  acclimatization,  need  tor 
increase  of  salt  beyond  that  of  ordinary  food  disappears. 

Iodine.  The  requirement  for  iodine  is  small,  probably  about  0.UW 
to  0.004  mg.  daily  for  each  kilogram  of  body  weight,  or  a  total  ot  0.1D 
to  0  30  mg  daily  for  the  adult.  This  need  is  met  by  the  regular  use  o 
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iodized  salt;  its  use  is  especially  important  in  adolescence  and  preg¬ 
nancy. 

Phosphorus.  Available  evidence  indicates  that  the  phosphorus  allow¬ 
ances  should  be  at  least  equal  to  those  for  calcium  in  the  diets  of  chil¬ 
dren  and  of  women  during  the  latter  part  of  pregnancy  and  during 
lactation.  In  the  case  of  other  adults  the  phosphorus  allowances  should 
be  approximately.  1.5  times  those  for  calcium.  In  general  it  is  safe  to 
assume  that  if  the  calcium  and  protein  needs  are  met  through  common 
foods,  the  phosphorus  requirement  also  will  be  covered,  because  the 
common  foods  richest  in  calcium  and  protein  are  also  the  best  sources 
of  phosphorus. 

Copper.  The  requirement  for  copper  for  adults  is  about  1  to  2  mg. 
daily.  Infants  and  children  require  approximately  0.05  mg.  for  each 
kilogram  of  body  weight.  The  requirement  for  copper  is  approxi¬ 
mately  one-tenth  that  for  iron.  A  good  diet  normally  will  supply  suffi¬ 
cient  copper. 

Vitamin  K.  The  requirement  for  vitamin  K  usually  is  satisfied  by 
any  good  diet  except  for  the  infant  in  utero  and  for  the  first  few 
days  after  birth.  Supplemental  vitamin  K  is  recommended  during  the 
last  month  of  pregnancy.  When  it  has  not  been  given  in  this  manner,  it 
is  recommended  for  the  mother  preceding  delivery  or  for  the  baby 
immediately  after  birth. 


Appendix  £ 
GLOSSARY* 


absorption:  taking  up  of  water  or  materials  in  solution, 
acetone  substances:  a  group  of  substances  often  formed  in  the  metab¬ 
olism  of  fat  (sometimes  called  “acetone  bodies”), 
achylia:  lack  of  hydrochloric  acid  and  pepsin  in  the  gastric  juice, 
achlorhydria:  lack  of  hydrochloric  acid  in  gastric  juice, 
acidophile:  easily  stained  by  acid  dyes. 

acidosis:  any  condition  in  which  the  body’s  alkaline  reserve  is  de¬ 
pleted;  may  result  from  abnormal  loss  of  alkaline  salts  from  the 
body  or  (more  commonly)  from  abnormal  accumulation  of  acids. 
Term  often  used  in  restricted  sense  as  synonymous  with  ketosis, 
defined  below. 

acrodynia:  a  disease  of  the  skin. 

adermin:  term  sometimes  used  for  pyridoxine. 

adipose:  fatty. 

adrenal  (suprarenal)  glands:  a  pair  of  endocrine  glands,  one  being 
situated  above  each  kidney. 

adrenaline  (epinephrine):  a  hormone  secreted  by  the  adrenal  glands, 
aerobic:  acting  in  the  presence  of,  and  through  the  influence  of, 
oxygen. 

alanine:  one  of  the  digestion  products  of  proteins. 

alkaline  reserve:  the  amount  of  potentially  alkaline  material  available 
in  the  body  to  neutralize  acids.  Term  often  used  in  restricted 
sense  as  synonymous  with  the  bicarbonate  of  the  blood, 
alkaline  tide:  increased  alkalinity  of  the  body  generally  and  decreased 
acidity  of  the  urine  after  a  meal, 
alkalosis:  increased  alkalinity  in  the  body. 

allergy:  a  condition  of  unusual  or  exaggerated  specific  susceptibility 
to  a  substance  which  is  harmless  in  similar  amounts  for  most 

individuals. 

alveolar  process:  bony  ridge  containing  tooth  socket, 
alveoli:  membranous  air  sacs  in  the  lungs, 
anaerobic:  in  absence  of  oxygen, 
anaphylaxis:  sensitization;  allergy, 
aneurin:  term  sometimes  used  for  thiamine, 
anorexia:  lack  or  loss  of  appetite  for  food. 

*  Students  please  note  that  the  Index  should  also  be  consulted,  for  many  of 
these  and  other  terms  are  explained  in  the  text. 
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antigen:  a  foreign  agent  which  causes  the  production  of  an  anti¬ 
body.” 

antineuritic:  preventing  neuritis, 
antitoxin:  specific  agent  against  a  toxin. 

appetite:  the  inclination  or  desire  to  eat;  distinguished  from  hunger  as 
the  drive  to  eat. 

arginine:  one  of  the  digestion  products  of  proteins, 
aspartic  acid:  one  of  the  digestion  products  ol  proteins, 
atherosclerosis:  one  form  of  thickening  of  the  walls  of  arteries, 
atrophy:  a  wasting  in  size. 

bacteriostatic:  preventing  or  arresting  the  growth  of  bacteria, 
base:  a  substance  which  combines  with  acids  to  form  salts, 
basophile:  easily  stained  by  basic  dyes. 

betaine:  a  nitrogenous  base  occurring  in  many  natural  foods,  of 
nutritional  interest  as  a  source  of  “labile  methyl”  groupings, 
bile:  fluid  secreted  by  the  liver  and  poured  into  the  intestines, 
bradycardia:  abnormal  slowness  of  the  heart-beat, 
bronchioles:  minute  branches  of  the  bronchial  tubes, 
buffer:  a  substance  which  tends  to  prevent  or  minimize  a  change  in 
the  reaction  of  a  solution. 

calciferol:  vitamin  D2;  a  form  of  antirachitic  vitamin  produced  by 
irradiation  of  ergosterol. 

calcification:  the  process  by  which  tissue  becomes  hardened  by  a  de¬ 
posit  of  calcium  salts  within  its  substance;  deposition  of  a  calcium 
compound. 

calorigenic:  heat-generating. 

calorimeter:  an  instrument  for  measuring  the  heat  change  in  any  sys¬ 
tem;  such  as  the  bomb  calorimeter  which  is  used  to  determine 
the  energy  value  of  foods  through  measurement  of  the  heat 
liberated  during  their  oxidation;  and  the  types  of  apparatus 
illustrated  and  discussed  in  Chapter  IV  by  which  is  measured  the 
heat  production  of  the  body, 
carcinoma:  a  malignant  tumor  or  cancer, 
carcinogenic:  cancer-producing. 

carotenes:  yellow  pigments  having  the  formula  C40H56  of  which  three 
modifications  are  known,  alpha-,  beta-,  and  gamma-carotene,  re¬ 
spectively,  each  serving  nutritionally  as  a  precursor  of  vitamin  A 
casein:  the  principal  protein  of  milk. 

cephahn:  a  constituent  of  the  brain;  a  substituted  fat  which  contains 
phosphorus  and  nitrogen. 

cerebrosides  (galactolipids) :  constituents  of  brain  and  nerve  substance 
which  contain  nitrogenous,  fatty,  and  carbohydrate  radicles. 
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cerebrospinal:  pertaining  to  the  brain  and  spinal  cord. 

chlorophyll:  the  green  pigment  of  plants. 

cholesterol:  the  principal  sterol  of  animal  origin. 

choline:  a  nitrogenous  base  (containing  “labile  methyl”  groupings), 
which  is  a  constituent  of  the  phospholipid  lecithin  and  of  other 
body  substances. 

chorea  (St.  Vitus’s  dance) :  a  convulsive  nervous  disease,  with  involun¬ 
tary  and  irregular  jerking  movements. 

chyme:  the  partially  digested  material  which  the  stomach  passes  on  to 
the  intestine. 

cirrhosis:  a  disease  characterized  by  excessive  formation  of  connective 
tissue  followed  by  contraction. 

citrus:  a  genus  of  trees,  including  citron,  grapefruit,  lemon,  lime,  and 
orange. 

conjunctivitis:  inflammation  of  the  membranes  which  line  the  eyelids 
and  cover  the  eyeball. 

connective  tissue:  a  tissue  holding  together  and  in  place  other,  usually 
more  active,  tissues,  as,  for  example,  muscle  fibers  or  the  cells  of 
glands. 

constitution:  an  important  but  not  well  defined  concept,  perhaps  usu¬ 
ally  understood  as  meaning  that  inherited  potentiality  of  health 
which  one  can  impair  but  cannot  enhance.  Recent  work  in  nutri¬ 
tion  is  enabling  us  to  take  a  less  fatalistic  and  more  constructively 
scientific  attitude  toward  the  individual  health-potentiality  which 
is  partly  an  inheritance  and  partly  the  result  of  nutritional  con¬ 
ditioning  both  before  and  after  birth. 

cysteine:  the  reduction  product  of  cystine,  which  very  readily  becomes 
reoxidized  to  cystine. 

cystine:  one  of  the  digestion  products  of  proteins. 

cytopenia:  deficiency  in  the  cellular  elements  of  the  blood. 


deaminization:  the  process  by  which  the  amino  group,  NH2,  is  split 
out  of  a  molecule,  as  deaminization  of  amino  acids  in  metabolism. 

dentition:  teething, 
dermatitis:  inflammation  of  the  skin, 
digestive  hydrolysis:  see  hydrolysis, 
diuresis:  increased  secretion  of  urine. 

electrolyte:  a  substance  which  in  aqueous  solution  breaks  down  into 
electrically  charged  particles  known  as  ions, 
endocrine:  secreting  internally  or  into  the  blood  stream;  as  endocrine 
glands,  or  glands  of  internal  secretion, 
endogenous:  originating  within  the  organism. 
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environment:  while  usually  suggesting  surroundings,  includes,  by 
scientific  definition,  nutrition  and  any  or  all  other  environmental 
factors,  that  is,  everything  that  conditions  the  life-process  except 
the  hereditary  or  genetic  factors.  See  also  Internal  environment, 
enzyme:  consult  the  Index  for  explanation  in  the  text, 
epithelium:  the  covering  of  the  skin  and  mucous  membranes, 
epinephrine  (adrenaline):  a  hormone  secreted  by  the  adrenal  glands, 
ergosterol:  a  sterol  found  abundantly  in  fungi  such  as  ergot  and  yeast 
and  in  very  small  amounts  among  the  sterols  of  higher  plants;  on 
exposure  to  ultraviolet  light  of  suitable  wavelength  it  is  converted 
into  vitamin  D2. 

etiology:  cause,  or  study  of  causes, 
exogenous:  originating  outside  the  organism. 

“extrinsic  principle”:  a  factor  from  without,  found  effective  in  perni¬ 
cious  anemia. 

fibroblast:  a  connective  tissue  cell. 

flavin:  yellow-green  fluorescent  water-soluble  pigment.  The  flavin  of 
greatest  interest  in  nutrition  is  riboflavin  (vitamin  G,  lactofiavin, 
lactochrome). 

gastric:  pertaining  to  the  stomach, 
geriatrics:  pertaining  to  aging,  or  to  the  aged. 

glutamic  (glutaminic)  acid:  one  of  the  digestion  products  of  proteins, 
glutathione:  a  substance  containing  glutamic  acid,  cysteine,  and  gly¬ 
cine  which  is  found  in  active  plant  and  animal  tissues  and  is  be¬ 
lieved  to  play  an  important  part  in  the  oxidation  and  reduction 
reactions  of  the  cells. 

glycine  (glycocoll):  one  of  the  digestion  products  of  proteins. 

hemeralopia:  night  blindness;  condition  in  which  a  person  sees  more 
poorly  at  night  or  in  a  dim  light  than  his  normal  vision  would 
seem  to  warrant. 

hemoglobin:  the  red  protein  found  in  the  red  blood  cells;  contains 
iron  and  is  capable  of  uniting  loosely  with  oxygen, 
hemorrhage:  (1)  a  loss  of  blood;  (2)  any  portion  of  blood  which  has 
escaped  the  blood  vessels, 
histidine:  one  of  the  digestion  products  of  proteins, 
hormone:  consult  the  Index  for  explanation  in  the  text, 
hydrolysis:  a  chemical  change  in  which,  with  the  introduction  of  the 

elements  of  water,  a  larger  molecule  is  split  into  a  smaller  one  or 
more. 

hydrolyze:  see  hydrolysis. 

hydroxyglutamic  acid:  one  of  the  digestion  products  of  proteins. 
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hydroxyproline:  one  of  the  digestion  products  of  proteins, 
hypertrophy:  excessive  growth  of  an  organ  or  tissue, 
hypochromic:  characterized  by  deficiency  of  pigment,  specifically  of 
hemoglobin. 

hy poprothrombinemia:  subnormal  blood  level  of  prothrombin. 

idiopathy:  abnormality  which  is  “self-originating”  in  the  sense  that  it 
is  not  referable  to  any  evident  cause, 
imbalance:  lack  of  balance. 

insulin:  the  active  substance  of  the  internal  secretion  of  the  pancreas, 
intercellular:  between  the  cells. 

intermediary  metabolism:  the  transfers  and  chemical  changes  under¬ 
gone  by  nutrients  after  digestion  and  absorption, 
internal  environment:  the  resultant-condition  within  the  living  body 
of  all  factors  other  than  those  which  are  directly  hereditary. 
While  most  that  has  hitherto  been  written  regarding  the  internal 
environment  emphasizes  its  relative  constancy,  we  are  now  learn¬ 
ing  that  it  is  very  importantly  influenced  by  nutrition, 
intravenous:  into  a  vein. 

“intrinsic  principle”:  a  substance  from  within,  effective  in  pernicious 
anemia. 

in  vitro:  (literally  “in  glass”)  in  a  test-tube  or  other  laboratory  ap¬ 
paratus  as  contrasted  with 
in  vivo:  in  the  living  organism. 

ion:  electrically  charged  atom  or  group  of  atoms  such  as  is  formed 
when  an  electrolyte  is  dissolved  in  water, 
irritability:  the  ability  to  respond  to  a  stimulus, 
isoleucine:  one  of  the  digestion  products  of  proteins, 
isomers:  chemically  different  substances  having  the  same  empirical 
formula. 

keratin:  a  very  insoluble  protein  which  forms  the  base  of  epid<  rmis, 
hair,  and  of  all  horny  tissues, 
keratomalacia:  softening  of  the  cornea. 

ketosis:  a  condition  in  which,  due  to  the  failure  of  the  body  to  (om- 
plete  the  oxidation  of  fatty  acids,  there  is  an  abnormal  accumula¬ 
tion  of  socalled  “ketone  bodies”  (acetone,  hydroxybutric  acid, 
and  acetoacetic  acid). 

“labile  methyl”:  a  methyl  (— CH3)  grouping  which  in  metabolism 
may  be  transferred  as  a  unit  from  one  compound  to  another,  as 
from  methionine  to  choline, 
lactalbumin:  one  of  the  proteins  of  milk. 
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lactic  acid:  a  three-carbon  organic  acid  (CH3CHOHCOOH )  formed 
as  an  intermediary  in  carbohydrate  metabolism, 
lecithin:  a  substance  having  the  molecular  structure  of  a  fat  in  which 
one  of  the  fatty  acid  radicles  is  replaced  by  phosphoric  acid  car¬ 
rying  choline  (a  nitrogenous  base), 
leucine:  one  of  the  digestion  products  of  proteins, 
longevity:  length  of  life, 
lymphatic:  a  vessel  which  carries  lymph, 
lysine:  one  of  the  digestion  products  of  proteins. 

macroscopic:  seen  with  the  naked  eye. 
matrix:  the  intercellular  portion  of  a  tissue, 
metaplasia:  change  of  one  kind  of  tissue  into  another, 
methionine:  one  of  the  digestion  products  of  proteins, 
methyl:  (methyl  radicle,  — CH3)  a  grouping  which  may  transfer  as  a 
unit  in  chemical  reactions. 

microcytic:  characterized  by  abnormally  small  red  blood  cells, 
mitosis:  cell  division. 

neurasthenia:  nervous  exhaustion,  extreme  abnormal  fatigability, 
neutrality:  the  state  of  being  neither  acid  nor  alkaline, 
norleucine:  one  of  the  digestion  products  of  proteins. 

optimal  ( ad j.),  optimum  (noun):  the  best. 

organic:  containing  the  element  carbon;  however,  carbon  dioxide,  car¬ 
bonic  acid,  and  the  carbonates  and  bicarbonates  are  not  ordinar¬ 
ily  regarded  as  organic. 

“original  chromosomal  endowment”:  the  set  of  chromosomes  with 
which  the  individual  is  endowed  at  conception, 
osmotic  pressure:  a  physico-chemical  property  shown  by  substances  in 
solution.  It  is  most  clearly  manifest  in  the  phenomenon  of  os¬ 
mosis,  which  occurs  when  the  solution  is  separated  from  pure 
water  (or  from  a  solution  containing  less  of  the  dissolved  sub¬ 
stance)  by  a  socalled  semipermeable  membrane,  through  which 
can  pass  water  but  not  the  substances  in  solution.  Under  these 
conditions,  water  passes  through  the  membrane  into  the  (more 
concentrated)  solution. 

oxidation:  a  chemical  process  involving  the  addition  of  the  element 
compound,  or  the  removal  of  the  element  hydrogen 
from  the  compound,  or  a  chemically  analogous  change, 
oxidation  potential:  a  measure  of  the  property  of  inducing  oxidative 
changes. 

parathyroid:  group  of  small  glands  situated  near  the  thyroid  gland, 
and  which  secrete  a  hormone  regulating  calcium  metabolism. 
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parenteral:  not  through  the  digestive  tract. 

parkinsonism:  a  nervous  disease,  characterized  by  muscular  rigidity, 
1  hy  thmic  tremor,  abolition  of  automatic  associated  movements, 
pediatrics:  pertaining  to  children  or  to  development  during  childhood, 
peripheral:  relating  to  the  portions  of  the  body  near  the  surface  or  in 
or  near  the  extremities. 

petechiae:  tiny  hemorrhage-spots,  as  in  the  skin. 

pharmacodynamic:  related  to  the  effects  of  medicine,  as  contrasted 
with  those  of  food. 

phenylalanine:  one  of  the  digestion  products  of  proteins, 
phosphate:  salt  of  phosphoric  acid,  H3P04.  Salts  of  the  type  BH.PO* 
in  which  only  one  hydrogen  has  been  replaced  by  reaction  with 
base  are  called  mono-  or  primary  or  acid  phosphates;  salts  of  the 
type  B2HP04  are  called  di-  or  secondary  or  basic. 
phospholipids  (phospholipins,  phosphatids) :  substituted  fats  contain¬ 
ing  nitrogen  and  phosphorus. 

polyneuritis  (multiple  neuritis):  inflammation  of  many  nerves  at  once, 
precursor:  a  substance  which  is  converted  into  another.  For  example, 
the  carotenes  are  precursors  of  vitamin  A,  as  explained  in  the 
text. 

proline:  one  of  the  digestion  products  of  proteins. 

protein  balance:  the  relationship  found  by  comparing  the  amounts  of 
nitrogen  entering  and  leaving  the  body, 
prothrombin:  a  precursor  of  blood-clot. 

protoplasm:  the  essential  substance  of  both  the  cell  body  and  nucleus 
of  cells  of  animals  and  plants,  regarded  as  the  only  form  of  mat¬ 
ter  in  which  the  phenomena  of  life  are  manifested, 
provitamin:  a  substance  which  may  be  converted  into  a  vitamin;  thus, 
the  carotenes  are  provitamins  A,  ergosterol  is  a  provitamin  D. 
purpura:  a  disease  characterized  by  purple  patches  on  skin  and  mu¬ 
cous  membranes  due  to  subcutaneous  bleeding, 
pyruvic  acid:  a  three-carbon  organic  acid  (CH:!COCOOH)  formed 
as  an  intermediary  in  carbohydrate  metabolism. 

radicle:  a  characteristic  constituent  part  of  a  substance;  as  the  amino- 
acid  radicles  in  proteins. 

reduction:  a  chemical  process  involving  the  addition  of  the  element 
hydrogen  to  a  compound,  or  the  removal  of  the  element  oxygen 
from  the  compound,  or  a  chemically  analogous  change, 
rennin:  the  milk-curdling  enzyme  of  the  gastiic  juice, 
resolved:  (hydrolyzed,  as  in  digestion), 
ribose:  a  simple  sugar  containing  five  carbon  atoms. 

salt:  the  product  of  the  reaction  of  an  acid  with  a  base. 
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senility:  the  state  of  showing  the  characteristics  of  old  age. 
serine:  one  of  the  digestion  products  of  proteins. 

sterols:  a  chemically  related  group  of  fat-soluble  substances  of  very 
complex  molecular  structure;  the  provitamins  D  are  important 
members  of  this  group  of  substances, 
stomatitis:  inflammation  of  the  mouth, 
subcutaneous:  beneath  the  skin, 
synergistic:  acting  together  with  another  agent. 

synthesis:  building  up  from  simpler  substances,  or  an  artificial  as 
distinguished  from  a  natural  formation, 
synthesize:  see  Synthesis. 

tachycardia:  excessive  rapidity  of  heart-beat. 

tetany:  a  disease  characterized  by  sudden,  violent,  involuntary  con¬ 
traction  of  the  muscles  of  the  extremities, 
thermolabile:  liable  to  be  destroyed  by  heat, 
threonine:  one  of  the  digestion  products  of  proteins, 
tonus  (tone):  a  sustained  state  of  partial  activity  such  as  exists  in 
muscles  at  all  times. 

Trichinae:  nematode  parasites,  one  of  which,  T.  spiralis,  is  frequently 
found  in  a  cyst  in  hog  muscle.  Human  beings  also  may  become 
infested  with  these  parasites  (the  resulting  disease  being  known 
as  trichinosis)  by  eating  under-cooked  pork  from  hogs  so  affected, 
tryptophane:  one  of  the  digestion  products  of  proteins, 
tyrosine:  one  of  the  digestion  products  of  proteins. 

ultraviolet  rays:  rays  of  light  of  slightly  shorter  wave-length  than  visi¬ 
ble  light. 

urea:  the  principal  nitrogenous  end-product  of  the  metabolism  of  pro¬ 
teins  in  the  body. 

valine:  one  of  the  digestion  products  of  proteins. 

vascularization:  the  process  of  becoming  “full  of”  (blood)  vessels.  It 
may  be  entirely  normal  as  in  the  ends  of  the  long  bones;  or 
clearly  a  departure  from  normal  as  when  the  whites  of  one’s  eves 
become  “bloodshot”;  or  there  may  be  a  doubtful  zone  between 
normal  and  abnormal  vascularization  as  in  the  cornea  where  a 
degree  of  vascularization  previously  considered  a  normal  varia¬ 
tion  is  now  considered  a  sign  of  riboflavin  deficiency. 

xerophthalmia:  a  dry  and  lustreless  condition  of  the  eveball. 
xerosis:  lack  of  adequate  moisture  in  a  tissue. 
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Ability  to  resist  disease,  as  aff  ected  by 
nutrition,  3-8,  123-126,  176, 

177-178,  179-181,  213,  218-222, 
224-225,  227,  233-235,  254, 

255-259,  262-263,  265 

Absorption,  28,  34,  35,  38-39,  40-44, 

283 

Abundance  of  dietary  vitamin  A 
value,  as  affecting  frequency  and 
duration  of  infection,  262-263 
as  influencing  length  of  life,  264, 

265 

Accomplishment,  higher,  made  possible 
by  better  health  and  longer  life 
through  nutritional  guidance  in 
the  use  of  food,  1-9,  125—128, 
177-178,  219-222,  256,  264- 
265,  347-348 

Acetic  acid,  115 

Acid(s),  see  also  under  their  indi¬ 
vidual  names 
acetic,  1 1 5 

amino,  24,  43-44,  85-96,  98-100, 
103,  162,  336,  337,  339,  391 
arachidonic,  21,  390,  418 
ascorbic,  172-192;  see  Vitamin  G 
categories  of,  114 
citric,  14,  114,  115 
fatty,  21,  389-390 
fixed,  113,  116 
folic,  147,  242-243 
hippuric,  115 
lactic,  114,  115 
linoleic,  21,  390,  418 
linolenic,  21,  390 
malic,  114,  115 
nicotinic,  see  Niacin 
of  gastric  juice,  35-36 
organic,  114—115;  see  also  under 
name  of  each 

oxalic,  115,  134-135,  405,  407,  413 
pantothenic,  148,  243,  249 

*  Students  may  well  consult  the  Glossary  also. 
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pteroylglutamic  acid,  147,  242—243 
quinic,  115 
tartaric,  114,  115 

Acid(s)  concerned  in  acid-base  bal¬ 
ance  (four  categories),  114 
Acid(s),  how  excreted  from  the  body, 
113,  114 

Acid-base  balance,  114,  115-119 
“Acid  forming”  elements,  117,  118 
Acidity,  as  reducing  destruction  of 
thiamine,  210—212 
as  reducing  destruction  of  vitamin 
C,  184-186 
Acidosis,  116 
Acrodynia,  240 

Action,  economic,  to  increase  the  pro¬ 
duction  and  consumption  of  those 
foods  whose  larger  use  is  nutri¬ 
tionally  desirable,  369,  373 
governmental,  to  increase  the  pro¬ 
duction  of  “the  right  kinds  of 
food”  for  the  best  nutrition 
of  the  people,  372 

specific  dynamic,  of  the  foodstuff's, 
59,  60 

Activity,  relations  of,  to  nutritional 
needs,  47-50,  58-62,  70,  416-417 
Adequate  vs.  optimal  diet,  3-7,  124- 
133,  178-181,  219-222,  264-265, 
372 

Adipose  (tissue),  74,  259 
Adjustment  of  food  production  to 
consumer  demand,  381-382 
Administration  of  Federal  Food  Law 
16 

Adrenaline,  86 

Adult  life  expectation,  125;  see  also 
Length  of  life 

Age  and  physique  at  college  entrance, 

Age  as  affecting  food  needs,  79-82 
416-417 
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Aging,  125-130,  178-181,  222,  264- 
265 

Alanine,  86 

Alertness  as  influenced  by  the  vitamin 
A  value  of  the  food,  252-253 

Alkaline  reserve,  1 1 7 

Alkalinity,  effect  on  loss  of  vitamin  G, 
184-185 

effect  on  loss  of  thiamine,  210-212 

Alkalinity,  reserve  of,  117 

Allergies,  380 

Allowances,  of  calcium,  123-126, 
130-131,  133,  416-417 
of  energy  (calories),  69-72,  77-82, 
416-417 

of  iron,  148-151,  416-417 
of  niacin,  231-233,  416-417 
of  protein,  96-101,  416-417 
of  riboflavin,  219-224,  416-417 
of  thiamine,  206-207,  416-417 
of  vitamin  A  value,  265-266,  416- 
417 

of  vitamin  C  (ascorbic  acid),  1 78— 
182,  416-417 

Allowances,  Recommended  Dietary, 
8-9,  69,  77-79,  82,  98,  100-101, 
123-126,  130,  133,  148-151, 

168-169,  180,  207,  223,  233,  266, 
289,  415-419 

Allowances  of  National  Research 
Council  aimed  to  cover  needs  of 
99  percent  of  the  normal  popula¬ 
tion,  124 

Almonds,  394,  404 

Alternatives  for  meat,  321—331,  334- 
339 

Ameloblasts,  309 

American  Medical  Association  Coun¬ 
cil  on  Foods  (and  Nutrition), 
50,  287-288 

Amino  acids,  43—45,  85—99,  148,  162, 
336,  391 

absorption  and  metabolism,  43-45 
in  food  proteins,  336 
in  thyroxine,  162 

minimum  and  recommended  intakes 
of  essential,  99 

nutritionally  essential,  24,  85,  89- 
96,  98-99,  336 

shortage,  as  a  factor  in  some 
anemias,  148 

Amylase (s),  30 

Amylopsin  (pancreatic  amylase),  391 


Analogy  of  the  body  with  an  internal 
combustion  motor  and  not  with 
a  heat  engine,  50,  51 
Analyses  of  experimental  animals  in 
nutrition  research,  126-129 
Analysis  of  foods,  25 
“Anchorage”  factor  in  rickets,  276 
Anemia(s),  143-148,  240 

calcium  shortage  sometimes  a  factor 
in,  149 

hemorrhagic,  144-146 
hyperchromic,  143 
hypochromic,  143,  147,  148 
idiopathic,  147-148 
iron-deficiency,  143,  147 
macrocytic,  146 
nutritional,  143,  145,  148 
of  vitamin  B«  deficiency,  240 
pernicious,  146-147 

extrinsic  and  intrinsic  factors, 
146-147 

limiting  factor  in,  146 
three  types  of,  144-148 
Aneurin,  see  Thiamine 
Animals  as  instruments  of  research  in 
the  problems  of  human  nutrition, 
1-5,  87 

“Animal  starch,”  see  Glycogen 
Antihemorrhagic  vitamin  (vitamin 
K),  296-297,  419 

Anti-pernicious  anemia  substance,  146, 
147,  241-242 

Antirachitic  factor,  275-295;  see  also 
Vitamin(s)  D 

Antiscorbutics,  see  Vitamin  C  (ascor¬ 
bic  acid) 

Antrum,  35 

Apparatus,  digestive,  31-39,  41 
Appetite,  32,  73,  203-204 
Apple (s),  18,  64,  76,  118,  135,  153, 
186,  191,  192,  208,  268,  394, 
404 

Apple,  baked,  401 

Apple,  favorable  to  calcium  assimila¬ 
tion,  136 

Apple  pie,  394,  404 
Apple  sauce,  401 

Approaches  to  a  policy  for  solution 
of  the  food  problem,  369-382 
Apricots,  394,  404 
Arachidic  acid,  390 
Arachidonic  acid,  21,  390,  418 
Arachin,  amino  acid  data,  336 
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Arginine,  86,  91,  336 
in  different  proteins,  336 
Ariboflavinosis,  221-222 
Artichoke,  401 
Articles  of  food,  5 

Ascorbic  acid  (vitamin  C),  172-197 
contents  of  typical  foods,  191,  404- 
414 

losses  on  cooking,  186 
Recommended  Dietary  Allowances, 
416-417 

see  also  Vitamin  C 

Ash  of  foods,  14,  25;  see  also  Mineral 
elements 

Asparagus,  186,  189,  231,  268,  394, 
404 

Aspartic  acid,  86 
Aspects  of  digestion,  28-43 
Atrophy  of  epithelial  cells  in  vitamin 
A  deficiency,  258 

Attachment  of  jaw  as  favorable  to 
thorough  chewing  of  food,  33 
Attitudes  toward  acceptance  of  the 
guidance  of  the  science  of  nutri¬ 
tion  in  our  daily  food  habits, 
369-382 

Atwater  bomb  calorimeter,  63 
Atwater-Rosa-Benedict  respiration  cal¬ 
orimeter,  51-53 

Automobile  engine  analogy  of  body, 
50-51 

Avocado,  394,  404 


Bacon,  394,  404 

Bacteria,  and  caries,  303,  304,  310 
folic  acid  synthesis  by,  243 
niacin-forming,  235 
vitamin  B12  formation  by,  241 
vitamin  K  formation  by,  296 
Balance,  acid-base,  114,  115-119 
calcium,  136 
protein,  90-91,  96-98 
Bananas,  18,  118,  153,  208,  229,  268 
394,  404 

Band,  transverse,  of  stomach,  35 
Barley,  as  food,  319 
pearled,  394 

Basal  energy  metabolism,  54,  56  57 
73,  82  * 

metabolic  rate,  54,  56,  57,  73,  82 
metabolism,  54,  56,  57,  73,  82 


“Base  forming”  elements,  117,  118 
Bean(s),  baked,  268,  394,  401,  404 
dried,  10,  153,  208,  209,  321-323, 
394,  404 

economy  of,  318,  321—323 
green  snap  or  string,  208,  231,  269, 
325,  394,  404 
Lima,  394,  404 
dried,  208 

pea  or  navy,  dried,  208,  209 
protein,  336,  337 

Beef,  1 18,  135,  146,  152-154,  394,  404 
consumption  of,  333 
corned,  401,  404 
dried  or  chipped,  394,  404 
Beef  muscle,  208,  228,  229,  336 
Beet(s),  394,  405 

Beet  greens,  115,  134,  135,  136,  394, 
405 

Beet  sugar,  see  Sucrose 
Benefit  to  digestion  from  use  of  raw 
fruit  or  celery  at  end  of  meal,  34 
Benefits  added  by  increased  liberality 
of  calcium  in  diet,  124-128 
of  milk,  4-6,  329-330 
of  riboflavin,  219-221,  225,  227 
of  vitamin  A,  264-265 
Beriberi,  198-201 

eradication  from  Japanese  navy, 
198-200 

in  Bilibid  prison,  Manila,  201 
Beta-lactose,  17 
Bile,  32,  38 
duct,  32 

disease  in  relation  to  vitamin  K 
296 

in  digestion  and  absorption  of  fat 
41 

salts,  296 
Bilirubin,  142 
Biosynthesis  of  niacin,  235 
Biotin,  113,  243-244 
Biscuit,  baking  powder,  395 
Bitot  spots  in  vitamin  A  deficiency 
257  y’ 

Blackberries,  395,  405 
“Blacktongue,”  232 
“Bladder  stones”  in  vitamin  A  defi¬ 
ciency,  259 

Blindness  resulting  from  vitamin  A  de¬ 
ficiency,  257 

Blood,  127-128,  141-148,  152,  178- 
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Blood  (Continued) 

calcium  content  of,  127-128 
color  index,  143 
iron  content  of,  141 
loss  of  from  body,  143,  144-146, 
147-148,  150 

vitamin  C  level  in,  178-180 
Blood  donors,  150 
Blueberries,  395,  405 
Bluefish,  401,  405 

Body,  elementary  composition  of,  108 
Body-fat,  distribution,  74 
functions,  75 
Body  fuel,  see  Energy 
Body  heat  conserved  by  body  fat,  75 
Body  temperature,  regulation  of,  61— 
62,  75 

Body  weight  and  its  control,  50,  67— 
82 

increase  of,  74 
reduction  of,  50,  73—74 
standard  tables,  75,  80 
wellbeing  as  influenced  by,  74,  76- 
77 

Bologna,  401,  405 
Bomb  calorimeter,  63 
Bone  marrow,  142—143,  275 
“Bone  salt,”  109,  127-128,  275-276 
Bones,  109,  275-280,  282-285,  286; 

see  also  Calcium  and  Rickets 
Bow-legs  and  knock-knees  in  rickets, 

277 

Boys,  dietary  recommendations  for, 
79,  101,  133,  151,  180,  266,  356, 
357,  362-364,  415-417;  see  also 
Dietary  recommendations 
nutrition  experiment  with,  328-329 
Bradycardia,  205—206 
Brain  work,  effect  on  energy  metab¬ 
olism,  67—68 
Braising,  231 
Bran,  155,  405 
Brazil  nut,  94,  401 

Bread,  10,  64,  118,  135,  208,  209, 
212,  314,  319-321,  352,  354,  360, 
362-364,  395,  401,  405 
Boston  brown,  395,  405 
calcium  content  of,  as  influenced 
by  increased  use  of  milk  in 
bread-making,  319-321 
flour,  and  wheat  compared  as  to 
calcium  and  phosphorus  con¬ 
tents,  135 


fortification  with  vitamins,  209,  319 
320 

improvement  by  use  of  vitamin- 
rich  yeast,  209,  320 
raisin,  395,  405 
rye,  401 

white,  enriched,  395,  405 
whole  wheat,  395,  405 
whole  wheat,  raisin,  401 
Breadstuffs,  230,  319-321,  360,  362- 
364 

Bridging  the  gaps  between  nutrition 
research  and  its  everyday  appli¬ 
cation,  374-382 

Broccoli,  135,  186,  229,  231,  269,  395, 
405 

for  home  gardens,  325 
Broiling,  231 
Brussels  sprouts,  395,  405 
Budd’s  postulation  and  King’s  identi¬ 
fication  of  the  antiscorbutic  sub¬ 
stance,  173—174 
Budget (s),  food,  346-365 
Building  from  good  health  to  better, 
4-7,  9,  128-133,  179-181,  203- 
205,  218-222,  259-265 
“Building  stones,”  31;  see  also  Amino 
acids 
Buns,  401 

Buoyant  health,  4,  5,  347-348,  372- 
373;  see  also  Adequate  vs. 
optimal 

Bureau  of  Human  Nutrition  and 
Home  Economics,  9 
Butter,  10,  20,  64,  81,  230,  252,  257, 
267,  268,  317,  318,  328,  329,  360, 
389,  395,  405 

as  one  of  ten  to  twelve  food  groups, 
317,  318 
Buttermilk,  115 

cultured  from  skimmed  milk,  395, 
405 

Butyric  acid,  20,  389 


Cabbage,  10,  136,  164,  183,  186,  188, 
191,  208,  229,  231,  269,  325,  395, 
405 

calcium  of,  well  utilized,  136 
from  goitrous  vs.  non-goitrous 
regions,  164 
nutritive  value,  325 
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Calciferol,  281;  see  Vitamin  D2 
Calcification,  276-277,  279,  281-283, 
301-302,  306-308;  see  also 

Rickets 

Calcium,  5,  108,  109,  112,  113,  115, 
117,  121,  123-138,  176,  275-277, 
282,  288,  306,  315,  318,  320,  321, 
324,  325,  329,  330-333 
absorption  of,  115,  283 
amount  required  in  normal  nutri¬ 
tion,  123-126 

content  of  average  American  die¬ 
tary,  351 

of  dietary  as  influenced  by  milk 
consumption,  328-332 
of  body,  influenced  by  age  and 
by  food,  132 

in  relation  to  age,  growth,  and 
food,  131-133 
of  foods,  134-138,  404-414 
deficiency  of,  121-137 
effects  of  different  levels  of  intake, 
125-133 

extent  and  significance  of  the  mar¬ 
gin  of  optimal  over  minimal- 
adequate  intake,  123-133 
in  growth  and  development,  1 28— 
133 

mobilization,  276,  282-285 
need  accentuated  by  the  fact  that 
we  are  born  calcium-poor, 
128-133 

of  body,  99  per  cent  or  more  in  the 
bones  and  teeth,  127 
of  some  foods  not  available  because 
of  oxalic  acid,  135-136 
Recommended  Dietary  Allowances 
416-417 

requirements  for  minimal  adequacy 
and  for  best  lifetime  results 
123-128 

retention  during  growth,  128-133 
275-285 

relation  to  teeth,  306,  315 
shortage  of,  sometimes  a  factor  in 
anemia,  149 

utilization  of,  as  affected  by  oxalic 
acid  of  food,  135-136 
as  affected  by  vitamin  D  276- 
285 

variability,  individual,  123-124 
Calcium  and  phosphorus,  contents  of 
typical  foods,  134-138,  404-414 


Calorie  (s),  allowances  for  pregnancy 
and  lactation,  and  in  childhood, 
79-81 

definition  and  expression,  47,  48 
desirable  proportions  from  different 
types  of  foods,  356,  357,  358 
distribution  in  diets  of  children, 
356,  357 

needed  per  day  according  to  occu¬ 
pation  (total  energy  require¬ 
ments  of  normal  adults),  67-82 
proportion  taken  as  sugar,  16 
per  gram  of  foodstuffs,  62 
Recommended  Dietary  Allowances, 
416-417 

recommended  percentage  from 
fruits,  vegetables,  and  milk, 
356,  358 

values  of  foods  as  computed  by 
“more  specific  factors,”  65; 
see  also  Appendix  C,  393-403 
see  also  Energy 

Calorimeter,  bomb,  for  measuring 
energy  values  of  foods,  62,  63 
respiration,  for  measuring  energy 
output  of  the  body,  51-54 
Calorimetry,  direct  and  indirect  com¬ 
pared,  52 

Cane  sugar,  see  Sucrose 
Cantaloupe,  118,  191,  395,  405 
Capacity,  lifetime,  for  expenditure  of 
energy,  49 
Capric  acid,  389 
Caproic  acid,  389 
Caprylic  acid,  389 

Carbohydrate (s),  14,  15-19,  25,  32, 
39-40,  45,  62,  391,  394-403 
contents  of  foods,  394-403 
from  food  concentrated  in  the  liver 
39-40 

conversion  of,  into  fat,  44 
descriptive  introduction  to  14  15- 
19  *  * 

determination  in  food  analysis  25 
energy  value  of,  62 
fate  in  the  body,  28,  30,  39-40 
44,  62,  391 
Carbon,  107,  108 
Cardiac  region  of  stomach,  35 
Caries,  301-315 
factors  in,  304 

Marshall’s  classification  of  causes 
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Caries  (Continued) 

imperfect  structure  of  teeth  and 
302,  310,  312 

relation  to  fluorine,  311-313 
to  sugar  intake,  310-311,  314 
to  vitamin  D  and  sunshine,  307— 
308 

to  water  supply,  306,  311-313 
Carotene (s),  251,  255,  267,  268-269 
Carrots,  118,  153,  164,  186,  208,  229, 
268,  325,  395,  406 
from  goitrous  vs.  non-goitrous  re¬ 
gions,  164 
nutritive  value,  325 
Cartilage  in  growth  of  bone,  275,  282 
Casein,  88,  90,  92,  93,  94,  95,  336, 
337 

amino  acid  data,  336 
Cashew  nuts,  395,  406 
Catalases,  141 

Catalysts  (catalytic  agents),  29-30; 
see  also  Enzymes 

Cauliflower,  186,  231,  269,  395,  406 
Causes  of  tooth  defects,  302—304;  see 
also  Caries,  Teeth 

Celery,  34,  189,  191,  311,  395,  406 
advantage  of,  to  end  a  meal,  34, 
189,  191,  311 
Cellulose,  19 

“Center  of  gravity  of  the  problem  of 
the  relations  of  food  to  health 
and  welfare  has  shifted  from 
sanitation  to  nutrition,”  378 
Cereal  (s),  10,  19,  64,  81,  94,  155, 
317,  318,  319-321,  351,  352, 
357,  358,  360,  362-364 
Characteristics  of  the  chief  types  of 
food,  317-341 
Chard,  1  15,  134,  395,  406 
Checking-card  of  U.  S.  Department  of 
Agriculture  Extension  Service, 
10-1 1 

Cheese,  10,  64,  76,  81,  135,  228,  230, 
234,  328,  330,  349,  350,  351, 
352,  357,  360,  395,  401,  406,  407 
Brick,  407 
Brie,  407 

calcium  and  phosphorus  contents  of 
Cheddar  and  cottage  types, 
135,  406 
Camembert,  407 
Cheddar  type,  395,  406,  407 
Cottage,  skim  milk,  395,  406,  407 


cream,  395 
Edam,  407 
Emmenthal,  407 
Parmesan,  395,  406,  407 
pineapple,  407 
Roquefort,  401,  407 
Stilton  type,  407 
Swiss,  395,  406,  407 
Cheeses,  contrast  in  calcium  content 
between  rennet-made  and  acid- 
made  types,  407 
Cheilosis,  221 

‘‘Chemical  control"  through  hor¬ 
mones,  161 

Chemical  messenger,  36,  86 
"Chemical  regulation”  of  body  tem¬ 
perature,  61 
Chenopodiaceae,  134 
Cherries,  canned,  406 
fresh,  396,  406 
Chestnuts,  401,  406 
Chewing,  33 
Chicken,  208 
broiler,  396,  406 
consumption  of,  333 
roaster,  406 

Children,  dietary  recommendations 
for,  100-101,  133,  180,  266,  356, 
357,  362-364,  415-419;  also 
Allowances,  Dietary  recom¬ 
mendations 
energy  needs  of,  79-81 
iron  in  the  nutrition  of,  151 
planning  of  dietaries  for,  356,  357, 
36  i,  362-364 

see  also  Growth,  and  under  Re¬ 
quirements  and  Allowances  for 
individual  elements,  factors,  or 
nutrients 

Chloride (s)  (chlorine),  108,  110,  111, 
116,  117;  see  also  Salt 
Chlorine  (chloride  ion),  108,  112-113 
Chocolate,  unsweetened,  406 
Chocolate  wafers,  401 
Choices  of  kinds  and  amounts  of  foods 
among  the  most  frequent  and  in¬ 
fluential  of  the  choices  we  make, 
370-373,  375-382 
Cholesterol,  281 
Choline,  244-245,  250 
Chromatin,  141 
Chyme,  36,  37 
Cirrhosis,  245 
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Citric  acid  and  citrates,  14,  114 
Citrin,  245,  250 

Citrus  (fruits),  10,  174,  183,  187,  190, 

230,  317,  318,  326,  358;  also 
Grapefruit,  Lemon,  Orange 

Citrus  fruits-and-tomatoes  as  one  of 
ten  to  twelve  food  groups,  317- 
318 

Classification,  of  anemias,  143 
of  defects  of  teeth,  302,  303 
of  foods  into  ten  to  twelve  food 
groups,  317 

of  the  functions  of  mineral  ele¬ 
ments,  109 

Clotting  of  blood,  113,  296-297 
Coagulation,  of  blood  as  related  to 
vitamin  K,  296-297 
of  milk  in  the  stomach,  332—333 
Coagulation-vitamin  (vitamin  K), 
296-297 

Cobalt,  108,  113,  142,  242 
Coconut,  dried,  sweetened,  401,  406 
fresh,  406 

Coconut  custard  pie,  406 
Cod,  396,  407 

Codliver  oil,  10,  255,  257,  278,  279, 
286,  314 
Coleslaw,  401 

Collaboration  of  the  National  Re¬ 
search  Council  and  the  Federal 
Food  and  Drug  Administration 
in  the  Enrichment  Program,  320 
Collards,  234,  325,  396,  407 
calcium  well  utilized,  136 
Color-index  of  blood,  143,  144,  147 
Committee  on  Food  and  Nutrition,  8 
Commodity  relationships  in  foods,  318 
Comparisons  of  losses  in  cooking  186 

231,  269 

Comparison  of  nutrients  in  average 
American  dietary  with  amounts 
required  for  normal  nutrition 
350,  351 

Compatibility  of  different  approaches 
to  the  problem  of  enough  of  the 
right  kinds  of  food,  370 
Competition  of  bones  and  muscles  for 
the  phosphorus  brought  by  the 
blood,  284 

Complete”  proteins,  87-93,  94-96 
Compositae,  135 

Composition,  elementary,  of  the  body, 


of  foods,  393-414;  see  also  under 
name  of  each 

Conarachin,  amino  acid  data,  336 
Conjunctivitis,  256—258 
Concept  of  “a  nation  of  people  as 
sturdy  as  the  animals  in  a  good 
farmyard,”  372 

Conservation  of  vitamin  C  values  of 
foods  in  cooking,  182-187 
Consistency  of  fats,  20-21 
Constituents  of  foods,  general,  5,  13- 
15 

Constructive  potentialities  in  diet, 
264-265 

Consumer  demand  and  the  consequent 
adjustment  of  food  production, 
381-382 

Consumption  of  foods  of  various 
types,  358 

Consumption  of  sugar,  17,  351,  357, 
358 

place  in  food  budget,  360,  362-364 
Contents  of  stomach  during  digestion, 
34-38 

Contractility,  112 
Contractions  of  stomach  wall,  36 
Control  of  body  weight,  72-79 
Control  of  food  production  and  im¬ 
port  in  the  United  Kingdom 
during  the  Second  World  War, 
370 

Controls  in  animal  experimentation, 
254-255 

Conviction  as  an  important  factor  in 
making  nutritional  knowledge  ef¬ 
fective,  372 

Cooking  losses,  of  thiamine,  riboflavin, 
and  niacin,  231 
of  vitamin  A,  269 

of  vitamin  C  (ascorbic  acid),  186 
Copper,  108,  110,  142,  145,  147  ’  154 
155,  419 

effect  on  destruction  of  vitamin  C 
183 

in  foods,  151-156 

Corn  16,  18,  19,  87-89,  95,  319,  369 
401,  407 
as  food,  319 
canned,  401,  407 
sweet,  fresh,  396,  407 
Corn  protein,  amino  acid  data,  336 
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Corn  sugar,  see  Glucose 
Corn  syrup,  402 
Cornflakes,  402,  407 
Cornmeal,  degermed,  uncooked,  396, 
407 

Corrosion  of  teeth,  302 
Cost  of  food,  346-364 

of  different  types  of  food  in  typi¬ 
cal  American  dietaries,  318, 
351 

Course  of  the  food  through  the  diges¬ 
tive  tract,  31-39 
Crabmeat,  402 
Crackers,  Graham,  396,  407 
soda,  396,  407 
Cranberries,  115,  396,  407 

favorable  to  calcium  assimilation, 
136 

Cranberry  sauce,  canned,  407 
Craving  for  common  salt,  113 
Cream,  230,  328,  352,  354 
thick,  whipping,  402,  407 
thin,  396,  407 
Crop,  corn,  19 
Cruciferae ,  135,  390 
Cryptoxanthin,  251 
Cucumbers,  396,  407 
Curd,  14,  332-333;  see  also  Casein 
Curdling  of  milk,  14 
Cure  of  myxedema  by  thyroxine,  167 
Currants,  dried,  402 
fresh,  402,  407 
Custard  pie,  402 
Cystine,  86,  92,  93 
Cytochromes,  141 


Daily  Dietary  Allowances,  415-419; 
see  also  Allowances,  Recom¬ 
mended  Dietary 

Dandelion  greens,  135,  268,  396,  407 
Dates,  commercial,  dried,  402,  407 
Deaminization  of  amino  acids,  43,  44 
Degrees  of  health,  5-7,  125-126,  179 
181,  203-205,  221-222,  252-253, 
347-348,  372-373 

Demands  of  consumers  as  influencing 
food  production,  381—382 
Dentifrices,  303 
Dentine,  301,  302,  309 


Dependence  of  the  United  Kingdom, 
during  the  Second  World  War, 
“for  nutritional  security,  upon 
potatoes,  mixed  vegetables,  and 
bread  made  from  flour  containing 
a  high  percentage  of  the  wheat 
grain,”  370 

Depletion  of  bodily  stores  of  nutrients, 
253,  259-260 

Dermatitis,  231-232,  240,  243,  256 
Destruction  in  cooking  processes,  of 
niacin,  231 
of  riboflavin,  231 
of  thiamine,  210-212,  231 
of  vitamin  A,  269 

of  vitamin  C  (ascorbic  acid),  183, 
184,  185,  186 

Determination  of  proteins,  fats,  and 
carbohydrates  in  foods,  25 
Development,  bodily  and  mental,  1, 
128-133;  see  also  Growth 
Dextrin  (s),  19 
Dextrose,  see  Glucose 
Diagram,  of  bomb  calorimeter,  63 
illustrating  early  studies  of  Hopkins, 
2,  3 

illustrating  effects  of  differing 
bodily  stores  of  vitamin  A,  253, 
260,  261 

illustrating  effects  on  growth  of 
different  proteins  and  amino 
acids,  88,  93 

illustrating  influence  of  food  upon 
vitamin  C  content  of  hlood, 
179 

illustrating  relation  of  temperature 
and  time  to  losses  of  vitamin  C, 
184 

illustrating  relation  of  vitamin  A  in¬ 
take  to  growth,  252,  253 
of  bone  trabeculae  as  influenced  by 
the  calcium  content  of  the 
food,  127 

of  digestive  tract,  32,  35 
of  stratification  of  food  in  the 
stomach,  35 

showing  growth  on  diets  containing 
different  amounts  of  added 
table  salt,  1 1 1 

showing  relation  of  milk  consump¬ 
tion  to  total  calcium  intake,  331 
sugar  consumption  statistics,  1  7 
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Diaphysis  of  bone,  275 
Diet,  planning  of,  in  terms  of  food 
groups,  358,  360-364 
Dietaries,  American,  distribution  of 
cost  and  nutrients,  351 
effects  of  long  term  experiments 
(with  calcium),  124-127 
(with  riboflavin),  219-220 
(with  vitamin  A),  264—265 
(with  vitamin  C),  181—182 
planning  of,  346-364 

at  different  levels  of  cost,  360, 
361,  362-364 

in  terms  of  food  groups,  360,  362- 
364 

of  about  4000  American  families 
studied  1934-37,  319,  354-355 
Diets  A  and  B,  5,  329-330 
Dietary  recommendations,  10,  79,  80, 
81,  98,  100-101,  133,  150,  151, 
180,  206-207,  223,  233,  266, 
289-290,  352,  356,  360-364, 

415-419 

Dietary  standards,  see  Dietary  recom¬ 
mendations 

Difference  between  merely  adequate 
and  optimal  in  nutrition,  3—7, 
124-133,  178-181,  219-222, 

264-265,  372-373 
Digestibility  of  fats,  21 
Digestion,  19,  28-43 
Digestion-products,  29,  43-45,  391 
as  building  blocks,  29,  31,  43 
Digestive  enzymes,  391 
Dip  in  curve  of  increasing  calcium 
content  of  growing  body,  133 
Disaccharide(s),  16-17 
Discovery,  of  antineuritic  factor 
(thiamine),  198-203 
of  antirachitic  factor(s),  277-280 
of  antiscorbutic  factor  (vitamin  C) 
172-175 

of  riboflavin  by  differentiation  of 
original  “vitamin  B,”  217-218 
of  thyroxine,  162,  163,  167,  168 
of  vitamins,  1-3 

Disinfection  of  swallowed  food  by 
gastric  juice,  36 

Dispensability  vs.  indispensibility  of 
individual  amino  acids,  89-91 
Distribution,  of  expenditures  for  foods 
318,  351 


of  food  calories  in  the  dietary,  23, 
230,  351,  356,  357 

“Distribution  standards,”  recom¬ 
mended  by  M.  S.  Rose,  356,  357 
Diversification  advantageous  to  agri¬ 
culture,  381—382 

Division  of  food  money,  318,  351-352 
Division  of  foods  into  10  to  12  groups, 

317,  318,  319-340 

DMF  =  Decayed,  missing  and/or 
filled  (teeth),  313 

Dog,  use  of,  in  studies  of  riboflavin, 
224 

in  studies  of  teeth,  302-303 
Dried  legumes-and-nuts,  10,  230,  317, 

318,  321-323,  358,  360,  362-364 
Drinking-waters  as  source  of  calcium, 

136,  306 
of  fluorine,  312 
of  iodine,  163 

Duration  of  infection  as  influenced  by 
vitamin  A,  262-263 


Eating,  effect  on  energy  metabolism, 
56,  59-60 

Economics  of  food,  346-382 
Economy,  of  different  food  groups, 
318 


of  increased  consumption  of  fruits, 
vegetables,  and  milk,  346 
of  preservation  and  distribution  of 
food,  348-350 
Ectoderm,  310 
Edestin,  94,  95 

Education  in  foods  and  nutrition  in 
England  during  the  Second 
World  War,  370 

Education  in  nutrition,  346-348  350- 
364,  369-382 


raieeuveness  oi  nutrition 


education,  369-382 
Effects  of  different  levels  of  calcium 
intake,  125-133 
of  riboflavin  intake,  219-222 
of  vitamin  A  intake,  264-265 
of  vitamin  C  intake,  178-182 
Effects  of  digestion,  28 
Efficiency  in  the  use  of  nutritional 
knowledge,  317-340,  346-348 
350-364,  369-382 
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Efficiency  of  cow  and  of  hen  in  trans¬ 
forming  grasses  to  human  food, 
267 

Egg(s),  10,  94,  96,  117,  118,  135, 
153,  154,  208,  209,  218,  229, 
230,  231,  268,  287,  333,  334, 
336,  337-339,  358,  360,  362- 
364,  396,  408 

as  one  of  ten  to  twelve  food-groups, 
317,  318,  337-339,  358,  360, 
362-364 


as  sources  of  amino  acids,  336 
of  calcium,  135,  230,  351 
of  calories,  230,  351,  357 
of  iron,  153,  154,  351 
of  niacin,  231 
of  phosphorus,  135,  351 
of  protein,  95,  102,  230,  338,  351 
of  riboflavin,  229,  230,  231,  339 
of  thiamine,  208,  209,  231,  339 
of  vitamin  A,  230,  267,  268,  339 
of  vitamin  C,  187,  230,  339 
of  vitamin  D,  281,  287,  339 
consumption  of,  333 
place  in  the  diet,  337—339,  351, 
358,  360,  362-364 
prominence  in  diet  largely  influ¬ 
enced  by  economic  conditions, 

338 


protein,  amino  acid  data,  336 
white,  208,  229,  268,  396,  408 
yolk,  153,  208,  229,  268,  396,  408 
Eggplant,  396,  408 
Electrolyte (s),  110 
Elementary  composition  of  body,  108 
Elements,  “acid-forming,”  113,  117, 
118 


“base-forming,”  117,  118 
mineral  (“minerals’),  3,  6,  14,  25, 
107,  170,  327-333,  337,  338, 
404-414;  see  also  under  name 


of  each 

amounts  in  the  body,  108 
those  essential  to  normal  nutri¬ 
tion,  108-109 

Emulsification  of  food  fat  in  the  small 
intestine,  38 

Enamel  (of  teeth),  301,  309-310 
Enamel-forming  cells,  309 
Endive  (escarole),  135,  396,  408 


Endocrines,  161-165 

Endocrinology,  161-168 

Energy,  13,  20,  28-29,  44-45,  47-84 


as  “ability  to  do  work,”  48,  49 
basal  metabolism,  54-60 
distinction  between  “the  caloric  and 
the  popular”  senses  of  the 
word  emphasized  by  the  Coun¬ 
cil  on  Foods  and  Nutrition  of 
the  American  Medical  Asso¬ 
ciation,  50 

expenditure  per  hour  under  differ¬ 
ent  conditions  of  muscular  ac¬ 
tivity,  70 

has  different  meanings,  47-49 
metabolism,  effect  of  food,  58-60 
effect  of  mental  activity,  67-72 
effect  of  muscular  activity,  67-72 
influenced  by  habitual  level  of 
food  intake,  60 
by  muscular  activity,  59 
by  size  and  composition  of 
body,  57 

by  surface  area  of  body,  67 
in  myxedema,  166-167 
measurement  of,  51-57,  58 
normal,  at  rest,  higher  in  males 
than  in  females  of  like  phy¬ 
sique,  57 

needed  during  physical  develop¬ 
ment,  79-81 

Recommended  Dietary  Allowances, 

415- 417 

requirement,  48,  51,  67-84 
for  typical  occupations,  72 
of  infants  and  children,  79  81, 

416- 417 


of  the  elderly,  81-82 
values  of  average  American  dietary, 

351 


of  foods,  62-65,  393-403 
of  individual  nutrients,  62-64 
Enriched  bread  and  flour,  155,  212— 
214,  232,  320-321,  369,  375 
Enrichment  program,  209,  212-214, 
320-321,  369,  375 

Entrance  to  college  at  earlier  age 


than  formerly,  1 

nvironment,  internal,  6,  8,  49-50, 
126-128,  133,  207,  221,  225, 
259-266,  328-330 
nzymes,  29—31,  33,  34,  36,  38,  40, 
R6  86.  113.  141.  219,  240, 


243,  391 

containing  iron,  141 


digestive,  391 


Epinephrine,  86,  423 
Epiphysis  in  growth  of  bone,  275 
Epithelium,  310 

as  affected  by  level  of  intake  of 
vitamin  A,  259 
Erepsin,  43,  391 
Ergosterol,  281 
Erucic  acid,  390 

Erythrocyte(s),  142, 144-145, 146, 147 
Erythropoiesis,  147,  242 
Escarole  (endive),  135,  268,  396,  408 
Essential  amino  acids,  88-93,  98-99, 
336 

Estimation  of  amount  of  iodine 
needed,  168-169,  418 
Establishment  of  the  relationship  of 
iodine  to  goiter,  162-169 
Excelsin,  94 

Exchange  of  material  in  body  tissue, 
44,  87 

Exercises,  9-11,  25-26,  45,  66,  82- 
83,  103-104,  119,  138,  157,  170, 
192-193,  214,  236,  245,  269,  290, 
297,  315,  340-341,  365,  382 
Expediency  and  social  justice  in  na¬ 
tional  food  policy,  369-382 
Expenditure  of  energy,  47—51 
Expenditures  for  food,  318,  346-368 
Experiments,  covering  entire  life 
cycles  and  successive  generations 
4-6,  124-128,  219-221,  264-265’ 
329-330 

leading  to  discovery  of  vitamins, 
1—3 

with  school  boys  by  Corry  Mann 
328-329 

Extrinsic  factor,  146,  147 
Eye(s),  as  influenced  by  riboflavin 
218-219,  222 

as  influenced  by  vitamin  A,  256-257 


factors,  in  dental  caries  (exciting  ai 
predisposing),  304 
determining  the  nutritive  values 
Pr°teins’  85~96>  98-103 
fAO  —  Food  and  Agriculture  Organ 
.  zation  of  the  United  Nations, 
r  arina,  uncooked,  396,  408 

Fat(8>-  20;23.  25,  28,  37,  38,  4C 

42,  44-45,  59,  62,  64,  75-7; 
251,  275,  286-288,  314,  317-311 
332,  339,  351,  357-360,  362-36 
389-390,  391,  393-403,  418 
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action  of,  in  slowing  the  passage  of 
food  from  the  stomach,  22,  23, 


37 


and  oils,  as  one  of  ten  to  twelve 
food  groups,  317,  318,  339, 
360,  362-364 

as  nutritionally  essential,  21,418 
chemical  nature  of,  20-21 
commercial,  20-23,  339 
content  of  foods,  394-403  \ 

digestibility  of,  21 

emulsified  form  of,  in  milk  and 
eggs,  332 

energy  value  of,  62 
in  cookery,  20-23 

in  dietetics,  20-23,  352,  357,  358, 
360,  362-364 

in  everyday  food  problems,  22  ’3 
322,  339 

in  mechanical  and  thermal  protec¬ 
tion  of  the  body,  41-42 
in  part  reconstituted  in  the  body 
41-42 


non-fuel  functions  in  the  body,  75 
nutritive  value  and  place  in  the 
diet,  21,  22-23,  339,  418 
solubilities  of,  20-21 
storage  of,  in  the  body,  42,  44 
Fate  of  the  foodstuffs  in  the  body 
28-45 


Fat-like  substances,  21 
Fat-soluble  substances,  21;  see  also 
Vitamins  A,  D,  E,  and  K 
Fatty  acids,  20-21,  389-390 
nutritionally  essential,  21 
Feces,  39 

Feeding,  as  influencing  the  composi¬ 
tion  of  milk,  154,  332 
in  schools  (“school  lunches”)  369 
Ferments/’  see  Enzymes 
Ferritin,  141 
Fig(s),  396,  408 
Fig  bars,  397 
Filberts,  402 


see 


Fish,  10,  117,  230,  234,  333-337 
also  under  individual  names 
consumption  of,  333 
Fish-liver  oils,  268,  286-287 
“Fixed  acid,”  1 13 

PlexiMity  of  the  body  at  birth 

r  lounder,  “sole,”  402 
Flour,  64,  135,  155“  208  oqq  913 

214,  229,  232,  319-321  397, '{os 
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Flour  (Continued) 

white,  enriched,  397,  408 
whole  wheat,  397,  408 
Flours  and  cereals  as  one  of  ten  to 
twelve  food  groups,  360,  362- 
364 

Flower-buds  as  food:  broccoli,  325 
Fluctuations  in  composition  of  milk, 
332 

Fluoride,  and  public  water  supply, 
313 

mode  of  action  in  reducing  inci¬ 
dence  of  caries,  313 
Fluorides  and  the  teeth,  311-313 
Fluorine,  311—313 
Folic  acid,  147,  242—243 
Follicular  conjunctivitis  in  vitamin  A 
deficiency,  257 

Food(s),  acid-forming,  117,  118 
allowances  for  children,  80 
as  commodities,  317-345,  346-368 
as  fuel,  31 

base-forming,  117,  118 
calories  and  control  of  body  weight, 
72-77 

compared  as  sources  of  calcium, 
134-136,  404-414 
of  energy  (calories),  64-65,  394- 
403 

of  essential  amino  acids,  336,  337 
of  iron,  151-156,  404-414 
of  phosphorus,  134-136,  404-414 
of  protein,  102,  394-403 
of  riboflavin,  228-231,  404-414 
of  thiamine,  207-210,  404-414 
of  vitamin  A  value,  267-269, 
404-414 

of  vitamin  C,  187-192,  404-414 

composition  and  nutritive  values, 

393-414 

corrective  and  constructive  func¬ 
tioning  of,  7 

from  goitrous  regions  found  poor  in 
iodine,  164 

in  relation  to  “a  higher  level  of 
cultural  attainment,”  7 
in  relation  to  teeth,  301-316 
nutritional  characteristics,  317-345 
tested  by  feeding  successive  genera¬ 
tions,  4  , 

see  also  under  names  of  individual 

foods 

Food  and  Nutrition  Board,  8 


Food  budgets  as  guided  by  nutritional! 

knowledge,  358-364 
Food  groups,  ten,  relative  cost  andl 
contribution  to  diet,  318 
Food  habits,  6-8,  369-382 
Food  plans,  low  cost,  360,  361,  362„ 
364 

moderate  cost,  360,  361,  363 
Foodstuffs,  different  uses  of  the  term, 
13 

energy  values  of,  62—64 

summary  of  the  fate  of  in  the  body, 
44-45 

see  also  Food(s),  Nutrients,  Carbo¬ 
hydrates,  Fats,  Proteins 
Food-supply  as  “nutritional  environ¬ 
ment,”  317-318 
Frankforters,  408 

Freedom  in  the  choice  of  food,  377_. 
378-382 


Frequency  and  duration  of  infection 
as  influenced  by  vitamin  A. 
262-263 

Frequency  of  goiter  in  men  drafted 
from  regions  where  drinking 
water  was  poor  in  iodine,  163- 
164 

Frequency  of  “insufficient  intake”  ol 
vitamin  A  in  New  York  City. 
257-258 


of  vitamin  C,  181 

Freshmen,  taller  yet  younger  than 
those  of  thirty  years  ago,  1 


Fructose,  16 

Fruit(s),  10,  16,  36,  76,  81,  102 
114,  118,  135-136,  153,  155 
156,  172,  173,  177,  183,  189 
192,  208-209,  229-231,  234 

268,  311,  314,  317,  318,  326- 
327,  339-340,  351-358,  360 

362-364,  373,  376,  393-414 
as  aid  to  digestion,  36 
citrus,  173—174,  318,  326 
juices,  10,  16,  36 
place  in  the  diet,  326—327 


sugar,  see  Fructose 
Fruits-and-vegetables,  10,  118,  134 

136,  153-155,  156,  183,  189- 
192,  208,  209-211,  228-231 

234,  268,  311,  314,  317-318; 
326-327,  340,  351-358,  360 

362-364,  373,  376,  393-414 
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as  food,  323-327 

as  sources  of  calcium,  134-136, 
404-414 

of  energy  (calories),  64-65,  393- 
403 

of  iron,  153,  155-156,  404-414 
of  phosphorus,  134-136,  404- 
414 

of  protein,  394-403 
of  riboflavin,  228-231,  234,  404- 
414 

of  thiamine,  208-211,  404-414 
of  vitamin  A  value,  268,  404- 
414 

of  vitamin  C,  189-192,  404- 
414 

change  of  status  from  supposed 
luxuries  to  recognition  as  good 
investments,  340,  373,  376 
favorable  effects  on  the  teeth,  311 
in  the  planning  of  diets,  352,  360, 
362-364 
Frying,  231 

Fuel  values  of  foods,  62-65,  393-403 
Full-life  and  successive-generation  ex¬ 
periments  in  nutritional  research, 
4-6,  124-128,  219-221,  264-265 
Function (s),  antiseptic,  of  the  acid  of 
normal  gastric  juice,  36 
nutritive,  of  amino  acids,  85-93 
of  fat,  22-23,  41-42,  75 
of  food,  general,  13 
of  the  mineral  elements,  109-113, 
116-117;  see  also  under  name 
of  each 

of  proteins  in  the  body,  85-96 
of  the  stomach,  32-37 
see  also  the  discussion  of  each  nu¬ 
trient 

Fundus,  34-35 


Galactose,  16,  391 

Gasoline-engine  analogy  of  body,  50- 


Gastric  juice,  1 10 

Gelatin,  not  adequate  as  sole  dietary 
protein,  87,  94 

GIrIs  dietary  recommendations  for, 
’  I01>  133>  151,  180,  266, 
356,  357,  362-364,  416-417;  ^ 
also  DletarY  recommendations 


Gland(s),  endocrine,  161—165 
salivary,  33-34,  391 
of  internal  secretion,  161—162 
thyroid,  161-168 
Gliadin,  87,  88,  94 
Glossary,  420-427 
Glucose,  16,  39-40,  391 
Glutamic  (glutaminic)  acid,  86 
Glutathione,  86 
Glutenin,  94 
Glyceride,  20,  389 
Glycerol,  20,  28,  391 
Glycine,  86,  89 
Glycinin,  94,  336 
Glycogen,  18,  19,  39-40,  44,  73 
Goiter,  161-170 

early  history,  161-162 
experimental  production,  164 
geographic  distribution,  162-163 
other  causes  than  iodine  deficiency 
165 


prevention  by  iodide,  165-166 
169-170 

prevention  in  school  children  1 65— 
166 

Gooseberries,  408 

Governmental  and  volunteer  services 
for  better  nutrition,  369-382 

Grain (s)  as  leading  source  of  calories 
319 

Grain  products,  135,  155,  208  209 
267,  318,  319-321,  351,’  352,’ 
357,  360,  362—364;  see  also  name 
of  each 

after  enrichment  may  logically 
take  a  larger  place  in  the  diet 
320 

Granules  of  starches,  18 

Grapefruit,  119,  190,  191,  397,  408 
as  source  of  vitamin  C,  190  191 

Grape (s),  115,  397,  408 
juice,  commercial,  397,  408 
sugar,  see  Glucose 

Grasses,  richness  in  vitamin  A  value 
267 


Green  and  yellow  vegetables,  230  ^68 
Greens,  134,  135,  136,  188-189  ’241 
242-243,  267,  268,  296 
of  different  values 
calcium,  135-136 
Grouping  of  foods,  317 
Groups  of  foods  317-340 
364  "  * 


as  sources  of 


360,  362- 
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Growth  (and  development),  1,  87- 
96,  111,  128-133,  155,  166-167, 
203-204,  218-220,  252-254, 

284-285 

as  indicated  by  height  and  age  at 
college  entrance,  1 
as  influenced  by  calcium  content  of 
food,  124-133 

by  individual  amino  acids,  87-93 
by  iodine  deficiency,  166—167 
by  proteins  of  food,  87-89,  93-96 
by  riboflavin,  218-220 
by  thiamine,  203-204 
by  vitamin  A,  252-254 
by  vitamin  D,  284-285 
by  whole  wheat  vs.  white  bread, 
155 

of  normal  bone,  275-276 
Guidance,  nutritional,  in  food  eco¬ 
nomics,  317-364,  346-382 
Guineapigs  in  studies  of  teeth,  308 
Gums,  176,  305,  308,  309-310 


Haddock,  397,  408 
Halibut,  397,  408 
Halibut  liver  oil,  286 
Ham,  fresh,  409 
smoked,  397,  409 

Handicap  of  being  born  calcium-poor, 
129-133 

“Hard  water”  as  source  of  calcium, 
136,  306 
Hazelnuts,  409 

Health  as  a  positive  quality  of  life, 
4,  6,  7,  9,  128-133,  179-181, 
203-205,  218-222,  259-265, 

369-370 

Health  in  the  United  Kingdom  during 
the  Second  World  War,  370 
Heart,  beef,  397,  409 
Heart,  work  of,  47,  73 
“Helping  Families  Plan  Food  Budg¬ 
ets/’  358-364,  377 

Hemeralopia  (nightblindness)  as  in¬ 
fluenced  by  vitamin  A,  256-258 
Hemicellulose(s),  19 
Hemoglobin,  109,  141-148 
Herring,  402,  409 
Ilippuric  acid,  1 15 
Histidine,  86,  91,  336 


Histology  of  vitamin  A  deficiency, 
256-259 

of  vitamin  C  deficiency,  176 
of  rickets,  275-277 
History  of  beriberi,  198-203 
of  rickets,  277-280 
of  scurvy,  172-175 
Hominy,  409 
Honey,  16,  397,  409 
Hormones,  32,  43-44,  85-87,  161- 
163,  165-169;  see  also  Adren¬ 
aline,  Secretin,  Thyroxine 
How  food  nourishes  the  body,  general, 
13;  see  also  individual  nutrients 
Hundred-Calorie  portions  of  foods,  64, 
65 

Hundred-gram  portions,  393—403 
Hydrogen,  108 
Hydroxyglutamic  acid,  86 
Hydroxyproline,  86 
Hygiene,  of  the  gums,  mouth,  and 
teeth,  303,  304 

Hypochromic  anemia,  143,  147 
Hypoplasia  of  teeth,  302—303;  see  also 
Teeth 


Ice  cream,  230,  330,  349,  358,  397, 
409 

Improvement  of  already-adequate  diet, 
4-8,  123-133,  178-182,  203-205, 
259-264 

Improvement  of  British  health  dur¬ 
ing  Second  World  War  due  to 
nutritional  guidance  of  food  poli¬ 
cies,  370-372 

Improvement  of  nutrition  both  an 
economic  and  an  educational 
problem,  369—373 

Improvement  of  nutritional  environ¬ 
ment  by  means  of  the  enrichment 
of  foods,  369—375 

Improvement  of  physique  of  college 
students,  1 

Incidence  of  “insufficient  intake”  of 
vitamin  C,  181 
of  pellagra,  232 

of  riboflavin  deficiency,  221,  222 
of  rickets,  280 

of  vitamin  A  deficiency,  257-258 

Income  as  affecting  food  consump¬ 
tion,  334—338,  373—374,  376 
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Income,  relation  of,  to  food  consump¬ 
tion,  346,  348 

Increases  of  calcium  and  phosphorus 
content  of  body  during  growth 
and  development,  129 
Indispensability  of  fat  (or  fatty  acid), 
21,  418 

Indispensable  amino  acids,  88-93,  98- 
99,  336 

Infection,  as  influenced  by  riboflavin 
deficiency,  219,  221—222 
as  influenced  by  vitamin  A  defi¬ 
ciency,  256-259,  262-263 
Inferiority  attributed  to  racial  factors 
may  be  due  to  food  supply,  7-8 
Inorganic  foodstuffs,  107;  see  also 
Mineral  elements 
Insulin,  87 

Interchangeability  of  fat  and  carbo¬ 
hydrate,  21-23,  40-42,  44-45 
Interglobular  spaces,  302 
Internal  environment,  5-8,  50,  1 23— 
133,  177-181,  221-222,  256-262, 
346 

International  unit,  of  vitamin  A  value, 
254-255 

of  vitamin  C,  182 
of  vitamin  D,  285 
Intestinal  mucosa,  391 
Intestine,  32,  37-39 
Intrinsic  factor,  146,  147 
Invertase,  391 

Iodine,  108,  110,  161-170,  418,  419 
in  foods,  164 

in  soils  and  waters,  162-164 
requirement,  166-169,  418-419 
“Iodized  salt,”  169-170,  419 
Ions,  107,  110;  see  also  Mineral  ele¬ 
ments 

Iron,  108,  109-110,  141-157,  351 
404-414 

content  of  average  American  die¬ 
tary,  351 

in  dietary,  contributions  of  different 
types  of  food,  149-156,  318 
351 

in  foods,  151-156,  404-414 
in  eggs,  153,  154,  408 
in  fruits  and  vegetables,  153 
155-156,  404-414 
in  grain  products,  153,  155  157 
404-414 

in  meats,  152-154,  404-414 


in  milk,  154-155,  410 

in  hemoglobin  and  other  body  com¬ 
pounds,  141 

of  foods,  probably  exaggerated  im¬ 
pressions  as  to  differences  in 
availability,  156 

relative  concentration  in  the  blood, 
141 

requirements  in  normal  nutrition, 
148-150,  151 
of  adults,  148-150 
of  children,  151 

Irradiated  (activated)  ergosterol,  281 
Irradiation,  278,  280 
Isoleucine,  86,  91,  99,  336 


Juice,  gastric,  35,  36,  37,  391 
intestinal,  37-38,  391 
pancreatic,  37-38,  391 


Kale,  135,  153,  187-189,  229,  234, 
268,  269,  325-326,  397,  409 
Keratinization  of  epithelium  in  vita¬ 
min  A  deficiency,  258—259 
Keratomalacia  caused  by  vitamin  A 
deficiency,  257 

Kidney,  153,  209,  228,  397,  409 
Kilogram-calorie  (kilo-calorie),  defi¬ 
nition,  48 

Knowledge  of  nutrition,  how  made 
effective,  1-9,  369-382;  see  also 
Exercises 

Kohlrabi,  231,  402,  409 


i-iduuc  meinyi  lactor. 

Lachrymal  gland,  257 
Lactalbumin,  94,  95,  336 
Lactase,  391 

Lactation,  44,  79-80,  92,  96  99- 
100,  130,  180,  263,  266,’ 362- 
364,  416,  418,  419 
Lactic  acid,  115,  205,  425 
Lactoflavin,  see  Riboflavin 
Lactose,  16,  17,  391 
Lamb,  153,  208,  333,  397,  409 
Lamb-and-mutton,  consumption  of, 
333 
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Lambsquarters,  115,  268 
Lard,  20,  21,  397 
“Lard  substitute,”  20,  21 
Laurie  acid,  390 

Lean  meat,  poultry,  and  fish  as  a 
“food-group,”  333-337,  358-360, 
362-364 

Leaves,  as  sources  of  calcium,  121, 
134-136 

as  sources  of  other  factors,  241, 
242-243,  296 

as  sources  of  vitamin  C,  188-189 
as  vegetables,  267 

outer  green  much  richer  than  inner 
pale,  in  vitamin  A  value,  267- 
268 


Lecithins,  21 
Leeks,  135-136,  409 

calcium  well  utilized,  136 
Legumes,  188;  see  also  under  name  of 
each 

Legumes  (mature)  and  nuts  as  a 
“food-group,”  10,  230,  317,  318, 
321-323,  358,  360,  362-364 
as  offering  exceptional  nutritive 
return  in  proportion  to  their 
cost,  318,  321,  323 
economy  of,  318,  321-323 
Lemons,  173,  397,  409 
juice,  397,  409 

Length  of  life  increased  by  addition 
of  calcium  to  an  already  ade¬ 
quate  diet,  125—126 
of  milk,  329-330 
of  vitamin  A,  264-265 
Lentils,  409 

Lettuce,  134,  135,  188-189,  268,  397, 
409 

calcium  well  utilized,  1  36 
difference  between  inner  and  outer 
leaves,  268 

widely  variable  in  vitamin  A  value, 
267-268 


Leucine,  86,  91,  99,  336 
Levels  of  health,  3-7,  123-133,  178- 
182,  219-222,  264-265,  346 


Lcvulose,  see  Fructose 
Liberality  of  calcium  in  long-term 
nutrition,  124-128 
of  riboflavin,  219—221,  225,  227 
of  vitamin  A,  264-265 
Life-cycle  of  red  blood  cell,  142 
Linoleic  acid,  21,  390,  418 


Linolenic  acid,  21,  390 
Lipase (s),  30,  36,  40,  391 
Lipids  (Lipins),  21;  see  also  Fat(s) 
Lipoids,  21 

Liver,  142,  153,  154,  208-209,  228, 
229,  259-261,  268,  286-287,  409 
and  liver-extracts  in  the  treatment 
of  pernicious  anemia,  146,  147 
Lobster,  409 

Local  factor  in  rickets,  276,  282,  283 
Loganberries,  409 
Longevity,  see  Length  of  life 
Losses  in  cooking,  of  thiamine,  ribo¬ 
flavin,  and  niacin,  231 
of  vitamin  A  value,  269 
of  vitamin  C,  182-187 
Low  cost  food  plans,  360,  361,  362, 
364 

Lumen,  38 

Lung,  as  influenced  by  vitamin  A, 
258-259 
Lymph,  38 

Lysine,  86,  88,  89,  91,  99,  336 


Macaroni,  397,  409 
Macaroons,  402 
Mackerel,  410 

Magnesium,  108,  112-113,  117 
Maintenance  requirement  of  calcium, 

123 

of  iron,  149 
of  phosphorus,  122 
of  specific  amino  acids,  98-99 
of  total  protein,  96-98 
Maize,  87;  see  also  Corn 
Malic  acid  and  malates,  114-115 
Malt,  17 
Maltase,  391 

Maltose  (malt  sugar),  17,  391 
Man,  see  Men 
Manganese,  108,  113 
Mangoes,  410 

Margarine,  10,  22,  360,  397,  410 
Matrix  in  growth  of  bone,  276 
Mature  legumes  and  nuts  as  a  food- 
group,  10,  230,  317,  318,  321- 
323,  358,  360,  362-364 
Mayonnaise,  402,  410 
Means  by  which  animals  convey  nu¬ 
triment  from  one  generation  to 
the  next,  218 
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Meat(s),  10,  117,  118,  135,  137,  146, 
152-154,  208,  209,  228-230,  233, 
235,  241,  268,  287,  317,  318, 
333-337,  351-352,  357,  358, 

362-364,  394-414;  see  also  name 
of  each  kind 

as  sources  of  amino  acids,  336 
of  calcium,  135,  230,  335,  351 
of  calories,  64,  230,  351,  357 
of  iron,  152,  153,  337,  351 
of  niacin,  231,  335 
of  phosphorus,  135,  337,  351 
of  protein,  95,  102,  230,  335,  351 
of  riboflavin,  228,  229,  230,  231, 
335 

of  thiamine,  206,  208,  209,  211, 
231,  335 

of  vitamin  A,  230,  267,  268,  337 
of  vitamin  C,  187,  230,  337 
of  vitamin  D,  287 
consumption  of,  318,  333 
economic  place  in  the  food  supply, 
333-335 


protein,  95 
Meats-and-fish,  230 
Meats,  fish,  poultry,  and  eggs  as  a 
food-group,  333-339 
Mechanism  of  digestion,  28,  31-39 
Men,  dietary  recommendations  for, 
72,  96-98,  130,  133,  148-150, 
168,  178-180,  207,  223,  340, 
398,  407,  411,  413,  415 
Menstrual  iron  loss,  149-150 
Mental  activity,  as  affecting  energy 
metabolism,  67-68 

Mental  alertness,  as  affected  by  thy¬ 
roxine,  166-169 
by  vitamin  A,  252-253 
Metabolism,  general,  28,  44-45;  see 
also  discussions  of  Energy  and  of 
individual  food  factors 
influence  of  age,  79-82 
Metaplasia  in  vitamin  A  deficiency 
258 


Methionine,  86,  91,  92,  99,  244,  33i 
Methods  of  nutrition  policy  should 
both  economic  and  education; 
373-378,  381-382 

Milk,  2,  10,  17,  64,  81,  94,  95,  S 
117,  134,  135,  154,  164,  2C 
209,  218,  226,  228,  229,  23i 
234,  235,  267-268,  287-289,  2S 


314,  318,  327-333,  349-358,  360, 
362-364,  377,  382,  397-398,  410 
as  source  of  calcium,  134,  318,  327— 
332,  377,  410 

of  essential  amino  acids,  336 
of  iron  (and  copper),  154,  410 
of  phosphorus,  332,  410 
of  protein,  94,  95,  96,  103,  309, 
310,  312,  332,  336,  397 
of  riboflavin,  227-230,  330,  410 
of  thiamine,  208-209,  377,  410 
of  vitamin  A  value,  267-268, 
318,  328,  330,  410 
of  vitamin  Bi2,  241 
of  vitamin  C,  318,  410 
of  vitamin  D,  287-288,  410 
of  vitamin  E,  294 
condensed,  sweetened,  398,  410 
effect  of  increased  feeding  to  boys, 
328-329 

to  experimental  animals  through 
entire  lifetime,  4-5,  329-330 
equivalents  in  different  forms,  349 
evaporated,  349,  398,  410 
fluid  whole,  349,  397,  410 
from  goitrous  vs.  non-goitrous 
regions,  164 

in  breadmaking,  319-321 
malted,  dry,  410 
non-fat  (skim),  398,  410 
physical  properties  as  affecting  di¬ 
gestibility  and  nutritive  value 
327,  332-333 

skimmed,  dried,  349,  398,  410 
whole,  dried,  398,  410 
Milk  (with  its  products  other  than 
butter)  as  one  of  ten  to  twelve 
food  groups,  317-318,  327-333 
360,  362-364 
Milk  sugar,  17,  391 

Milling,  effect  of,  on  nutritive  values 
of  grain  products,  198-201  208- 
209,  212-214,  320 
Mince  pie,  402 

Minerals,  ’  see  Mineral  elements 
Mineral  elements,  5-8,  25  107-190 
318-320,  324,  331,  337,  338,’ 
404—414;  see  also  under  name  of 
each 

amounts  in  the  body,  108 
those  essential  to  normal  nutrition 
108-109 


446  SUBJECT  INDEX 

Moderate  cost  food  plans,  360,  361, 
363 

Molasses,  402,  410 
Monosaccharides,  15-16,  391 
Mottled  enamel,  311-313 
Mouth,  33-34,  176,  221,  232 
Muscle,  109,  112,  252-253,  256,  284 
as  competing  with  bone  for  phos¬ 
phorus,  284 
see  also  Meat 

Musculature  as  influenced  by  nutri¬ 
tion,  252,  253 

Mustard  greens,  135,  268,  398,  410 
Mutton,  see  Lamb 
Myoglobin,  141 
Myristic  acid,  390 
Myxedema,  166,  167,  169 


National  Nutrition  Conference,  8-9 
National  Research  Council,  8 

Recommended  Daily  Dietary  Al¬ 
lowances,  415-419 
“Nature  and  Nurture,”  7,  373 
Nectarines,  410 

“Negative  control”  experimental  ani¬ 
mals,  254 

Neuritis,  multiple  peripheral;  see  Beri¬ 
beri 

Neutrality,  114-118 
New  Zealand  spinach,  115 
Niacin,  231-233,  235-236,  404-417 
allowances  of,  233,  416-417 
contents  of  foods,  404-414 
Nicotinic  acid,  see  Niacin 
Nightblindness,  256-258 
Nitrogen,  107,  108;  see  also  Protein 
Nitrogen  balance  experiments,  96-98 
Nomenclature  of  enzymes,  29-31,  391 
Norleucine,  86 

“Nurture  can  assist  Nature  to  a  larger 
extent  than  Science  has  hitherto 
thought,”  7,  373 
Nutrient,  definition  of,  13 
Nutrients,  demonstrated  in  a  typical 
food,  14 

more  abundant,  13-25 
see  also  under  name  of  each 
Nutrition,  as  a  matter  of  govern¬ 
mental  policy  in  Great  Britain, 
346-347 


for  desired  body  weight,  67-82 
new  view  of,  1-8 

notwithstanding  recent  advances,  is 
still  a  fertile  field  for  scientific 
research,  370 

now  carries  a  larger  responsibility 
than  hitherto,  347 
three  main  aspects  of:  (1)  energy, 
(2)  building  and  upkeep,  (3) 
regulation,  13 

Nutrition  Foundation  program,  374- 
375 

“Nutrition  policy,”  369-382 
“Nutritionally  complete”  proteins,  94 
“Nutritionally  essential”  (“indispen¬ 
sable”)  amino  acids,  88-93,  98- 
99,  336 

Nutritionally  essential  unsaturated 
fatty  acids,  21,  339,  418 
“Nutritionally  incomplete”  proteins, 
94 

Nutritive  values  of  foods,  393-414 
Nuts,  10,  94,  102,  234,  317,  321-323, 
394-414 

as  source  of  protein,  321—323 
of  thiamine,  321—323  . 


Oats  and  oatmeal,  118,  135,  153, 
164,  208,  319,  336,  398,  410 
as  food,  319 

from  goitrous  vs.  non-goitrous  re¬ 
gions,  164 

protein,  amino  acid  data,  336 
Obesity,  77-82 

Objectives  of  nutritional  recommenda¬ 
tions,  265 

Observations  of  effects  of  shortage  of 
vitamin  A,  256-259 
Odontoblasts,  301 
Oil,  arachis  (peanut),  20,  21,  390 
coconut,  20,  389 

codliver,  10,  255,  257,  278,  279, 
286,  314 

corn  (maize),  20,  21 
cottonseed,  20,  21,  390 
fish  liver,  267,  268,  281,  286-287, 
339 

halibut  liver,  286 
mustardseed,  390 
of  marine  animals,  390 
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olive,  20,  402 
palm,  20,  389 
palm  kernel,  20 
pecan,  21 
percomorph,  286 
rapeseed,  390 
salmon,  287 
sesame,  20 
soybean,  20,  21 

Oils,  place  in  the  diet,  20-21,  339,  360, 
362-364 

Okra,  269,  398,  410 
Old  age,  energy  need  in,  81-82 
Oleic  acid,  20,  390 
Oleomargarine,  see  Margarine 
Olive (s),  398,  411 
oil,  20,  402 

Onion,  186,  231,  269,  398,  411 
Optimal  as  distinguished  from  merely 
adequate  nutrition,  3,  7,  1 24 — 
133,  178-181,  219-222,  264-265, 
372 

Orange (s),  64,  118,  135,  153,  173, 
179,  191,  208,  229,  398,  411 
as  source  of  vitamin  C,  173,  179, 
326,  411 

relation  to  calcium  metabolism,  136 
Organic  acids,  14,  114-115;  see  also 
under  name  of  each 
Ossification,  see  Calcification 
Osteoblasts,  276 
Osteoid  tissue,  276 
Ovalbumin,  94,  336 
Overweight,  77-82 
Ovovitellin,  94,  336 
Oxalic  acid,  115,  134-136,  405,  407, 
413 

Oxidation-potential  higher  in  juices 
of  some  foods  than  others,  183— 
184 

Oxygen,  107,  108 

Oxygen  consumption  of  body;  see 
Energy 

Oysters,  118,  402,  411 


Palmitic  acid,  20,  390 
Pancreas,  30,  32,  391 
Pancreatic  amylase,  30,  391 
Pancreatic  duct,  32 
Pangs”  of  hunger,  22 


Pantothenic  acid,  243,  249 

shortage  as  a  possible  factor  in 
some  anemias,  148 
Parsnips,  398,  41 1 

“Partially  incomplete”  proteins,  94 
Pasteurization  of  milk,  349 
Pathology,  of  vitamin  A  deficiency, 
252-254,  256-259 

of  shortage  of  vitamin  C,  176—178 
of  vitamin  D  deficiency  (rickets), 
276-280 

Peaches,  191,  398,  411 
canned,  398 

dried  (sulfured),  398,  411 
Peanut (s),  peanut  butter,  and  peanut 
meal  or  flour,  10,  20,  102,  208, 
209,  234,  322,  336,  398,  411 
Pears,  118,  398,  411 
Peas,  10,  18,  186,  191,  208,  209,  231, 
268,  269,  318,  321-323,  399, 
411 

canned,  411 

dried,  208,  209,  399,  411 
economy  of,  318,  321-323 
fresh,  209,  268,  269,  399,  411 
mature,  split,  399,  411 
Pecans,  399,  411 

Pellagra,  221-222,  224-228,  231-236 
description  of,  231-232 
prevalence  of,  232 
prevention  by  food,  233-235 
references,  236-239 
relation  of  food  to,  233-236 
Pelvis,  malformations  of,  may  result 
from  rickets,  277 
Peppers,  188,  399,  41 1 
Pepsin,  29,  31,  36,  391 
Peptides,  24 
Peptones,  24,  391 
Percomorph  oil,  286 
Peristalsis,  38 
Petechiae,  176 

Phaseolin,  amino  acid  data,  336 
Phenylalanine,  86,  91,  99,  336 
Phosphates,  113;  see  also  Phosphorus 
Phosphoric  acid,  113 
Phosphorus,  108,  109,  113,  116,  117 
121-122,  128-133,  135,  276-277’ 
306,  332,  337,  404-414,  419  ’ 

absorption  of,  275-276,  283-284 
competition  of  muscles  and  bones 
for,  in  growth,  284 
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Phosphorus  (Continued) 

content  of  average  American  die¬ 
tary,  351 

deficiency  in  certain  regions,  121 — 
122 

in  foods,  351,  404-414 
in  growth  and  development,  1 22— 
123 

occurrence  and  functions,  121—122 
requirements  in  nutrition,  122-123, 
419 

“Physical  regulation”  of  body  tem¬ 
perature,  61 

Physical  training  rendered  more  ef¬ 
fective  by  superior  nutritional 
wellbeing,  347-348 
“Physiological  economy  in  nutrition,” 
99-100 
Physique,  7 

Pineapple,  canned,  399,  411 
fresh,  399,  41 1 
juice,  canned,  41 1 

Place  of  fruit,  vegetables  and  milk  in 
the  diet,  357-359 

Planning  of  dietary,  267,  346-364 
in  terms  of  ten  to  twelve  food 
groups,  317—340,  358,  360-364 
Plasticity  of  cooking-fats,  20-21 
Plums,  115,  399,  412 
Poke,  115 

Policy  in  nutrition  education,  369— 
378,  381-382 

Policy  is  made  effective  by  both  eco¬ 
nomic  and  educational  methods, 

373-382 

Polypeptides,  391 
Polysaccharides,  17—19 
Pork,  153,  208,  209,  228,  229,  233- 
234,  334,  379,  399,  412,  427 
Potassium,  108,  112—113,  117 
Potatoes,  10,  18,  118,  134,  135,  153, 
164,  183,  186,  189,  191,  208, 
211,  230,  231,  268,  318,  323- 
324,  399,  412 

from  goitrous  vs.  non-goitrous  re- 
gions,  164 

Potatoes-and-sweetpotatoes  as  one  of 

ten  to  twelve  food  groups,  317, 
323-324,  358,  360,  362-364 

Potentialities,  constructive,  in  diet, 

264-265 

Precursors  of  vitamin  A,  251,  255, 
267-269 


Pregnancy,  44,  79-80,  92,  96,  99- 
100,  130,  180,  263,  266,  362- 
364,  416,  418,  419 

Prevalence  of  pellagra  in  the  United 
States,  232 

Prevention  of  goiter  in  school  chil¬ 
dren,  165-166 

Primary  or  direct  food  crops,  317 

Problem  of  best  use  of  food  is  both 
economic  and  educational,  350- 
358 

Processing  of  crops  through  farm 
animals,  317 

Program  of  The  Nutrition  Founda¬ 
tion,  374-375 

Proline,  86 

Prominence  of  different  types  of  food 
in  average  American  dietary, 
318-340,  351,  360 

Proteases,  30,  391 

Protein(s),  14,  23-25,  30,  42-45, 
59-60,  62-64,  85-103,  116-118, 
317-336,  351,  391,  394-403, 

416-417 

allowances  recommended  by  Na¬ 
tional  Research  Council,  100- 
101,  416-417 

amount  of,  estimated  from  quanti¬ 
tative  determination  of  nitro¬ 
gen,  97-98 

amounts  needed  in  nutrition,  96- 

101 

amounts  recommended  for  growth, 
pregnancy,  and  lactation,  as 
well  as  for  maintenance,  99- 
101,  416-417 

as  factors  in  acid-base  balance, 
116-118 

classification  of  as  “complete,” 
“partially  incomplete,”  and 
“incomplete,”  94 

content  of  average  American  die¬ 
tary,  351 

contents  of  edible  portions  of  typical 
foods,  102;  see  also  under 
names  of  individual  foods  in 
the  Appendix,  394-403 

energy  value  of,  62—64 

mixture  of  a  wheat-and-milk  die¬ 
tary,  nutritional  efficiency  of, 
101-102 

of  beans,  soybeans,  and  peas,  318, 
321-323,  336 
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of  peanuts  and  peanut  butter,  322- 
323 

recommended  allowances  of,  97— 
101,  416-417 

requirement  figured  as  a  percentage 
of  the  total  food-calorie  need, 
100 

requirements  of  adult  maintenance, 
96-98 

of  men  and  women  compared,  98 
specific  dynamic  effect  of,  59—60 
supplementary  relationships  among, 
87-90,  95-96,  101-102 
Proteoses,  24,  391 
Prothrombin,  296,  426 
Protoplasm,  86 
Provitamins  A,  251 
Provitamins  D,  278-281 
Prunes,  114-115,  153,  399,  412 
Pteroylglutamic  acid  (PGA),  147, 
242-243 
Ptyalin,  33,  391 
Pulp  (of  tooth),  301 
Pumpkin(s),  412 

Puppies  as  experimental  animals  for 
research  on  teeth,  302-303 
Purslane,  115 

Pyloric  region  of  stomach,  35-37 
Pylorus,  35-37 
Pyorrhea,  309 

Pyridoxine  (vitamin  B6),  148,  240- 
241,  245-246 

shortage  as  a  factor  in  some  anemias, 
148 

Pyruvic  acid,  206 


Quinic  acid,  115 


“Rachitic  rosary,”  276 
Rachitis,  see  Rickets 
Racial  factor”  in  basal  metabolism 
57 

Radishes,  399,  412 
Raisins,  399,  412 

Rancidity  of  fats  in  relation  to 
vitamin  E,  294 
Raspberries,  403,  412 
Readings  (Suggested  Readings),  see 
Suggested  Readings 


Readjustments  of  family  budgets  in 
the  light  of  nutritional  knowledge, 
346-364 

Reasons  of  social  justice  to  see  that  no 
child  lacks  food  needed  for  full 
health,  370 

Recommendations  of  the  nutrition 
conference  of  the  British  Medical 
Association,  371—372 
Recommended  daily  allowances  for 
specific  nutrients,  8—9,  69—72, 
79-80,  96-101,  123-124,  130, 
133,  148-151,  168-169,  178-181, 
206-207,  223-227,  233,  265-266, 
289-290,  415-419 
Reducing  diets,  72-79,  82 
Reduction  of  body  weight,  72-77 
References,  see  Suggested  Readings 
Regions  of  the  stomach,  34-37 
Regularity  of  elimination  of  un¬ 
digested  food  residues,  19 
Regulation  in  the  body,  13,  19,  29- 
31,  64,  72-79,  107-119,  205;  see 
also  Glands 

T  ’gulatory  functions,  processes,  and 
substances,  see  Regulation  in  the 
body 

R  sroduction  and  lactation,  as  in- 
s  fluenced  by  calcium,  123-127 
b  v  riboflavin,  220-225 
by  vitamin  A,  263-266 
by  vitamin  E,  294-295 
Requirements,  human,  for  calcium, 
123-124,  416-417 
for  calories,  67-84,  416-417 
for  essential  amino  acids,  98-99 
for  iodine,  166-169,  418-419 
for  iron,  148-151,  416-417 
for  niacin,  233,  235,  416-417 
for  phosphorus,  122-123,  419 
for  protein,  98-101,  416-417 
for  riboflavin,  223-227,  416-417 
for  thiamine,  206-207,  416-417 
for  vitamin  A,  265-266,  416-417 
for  vitamin  C,  178-182,  416-417 
for  vitamin  D,  289-290,  416-417 
Reserve  alkalinity,  115-119 
Respiration  apparatus  (for  measuring 
gaseous  exchange),  51-58 
Respiration  calorimeter,  51—54 
Respiratory  exchange,  58-59 
Respiratory  system  as  influenced  by 
vitamin  A,  258-259 
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Restoration  of 
receiving 


168 


growth  in  a  girl  upon 
adequate  thyroxine, 


Rhubarb,  115,  412 

Riboflavin,  5,  148,  217-231,  233-236, 
318,  329,  404-414,  416-417 
allowances,  benefits  of  liberal,  219- 
221 


as  essential  to  growth,  218 
deficiency  frequent  in  American 
dietaries,  221 

distribution  in  nature,  218-219 
effects  upon  health  and  length  of 
life,  219,  221-222,  224-225 
foods  as  sources  of,  228-230,  404— 
417 


in  relation  to  health  and  disease, 
221-222 


intake  levels  as  influencing  growth 
and  health,  219-222 
measurement  of,  222—223 
“necessary  for  the  maintenance  of 
the  defense  powers  of  the 
organism,”  221 

references,  236—239  ^ 

requirements  in  nutrition,  219-  2 
.416-417 


shortage  as  a  factor  in  s'  j 
anemias,  148 

Rice,  118,  153,  198-201,  208,  )9, 

399,  412 
as  food,  319 
brown,  399,  412 
converted,  412 
white,  uncooked,  399,  412 
Rickets,  122,  275-290 

clinical,  wide  range  of  severity, 
278-281,  284-285 
definition  of,  276 
different  types,  276,  281-282 
experimental,  278,  281-284 
incidence  of,  276-277,  280 
“low-calcium,”  282-283 

“low-phosphorus,”  282,  281- 

nature  of,  276-280 
Roasting,  231 

“Rock  bottom”  requirements  of  mini¬ 
mal-adequate  nutritional  needs, 
3;  see  also  Requirements 
Rocks  as  sources  of  iodine,  163 
Roots  (and  tubers)  as  sources  of 
vitamin  C,  189-191 


“Roughage,”  undigested  food  residue, 
19 

Rowing,  the  work  of,  as  influencing 
food  requirement,  70 
Running,  the  work  of,  as  influencing 
food  requirement,  70 
Rutabaga (s),  399,  412 
Rye  as  food,  319 


Saccharose,  16;  see  also  Sucrose, 
Sugar,  and  Sweets 
Saliva,  33,  36,  110,  391 
Salmon,  399,  412 
oil,  287 

Salt  (table  salt),  110-112,418 
Sardines,  399,  412 
Saturated  fatty  acids,  389-390 
Sauerkraut,  115,  399,  413 
Sawing,  the  work  of,  as  influencing 
food  requirement,  70 
Scallops,  399,  413 
Scurvy,  172-182 
Seafoods,  169 

Seawater  as  source  of  iodine,  163 
Secondarily  derived  foods,  317 
Secretin,  32,  35,  86 
Seeds,  relatively  rich  in  phosphorus, 
121 

Serine,  86 

Sex  difference  in  basal  metabolism,  57 
Shad,  403,  413 
Shad  roe,  403,  413 
Shaft  of  bone,  275 

Shivering  in  regulation  of  body  tem¬ 
perature,  61 

Shredded  wheat,  399,  413 
Shrimps,  413 
canned,  413 

Sitting,  energy  metabolism  during,  70 
Sleeping,  energy  metabolism  during, 

70 

Soda,  destructive  effect  of,  on  thia¬ 
mine,  211 

on  vitamin  C,  183-186 
Sodium,  108,  110-113,  117 
“Soft  curd”  milk,  333 
Soils  as  sources  of  iodine,  163-161 
Sorghum  as  source  of  sugar,  16 
Soup,  10,  36 

Sources  of  calcium  other  than  or¬ 
dinary,  134-138 
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Soybean,  94,  96,  403,  413 

flour,  flakes,  grits,  medium  fat,  403, 
413 

protein,  amino  acid  data,  336 
Specific  dynamic  action  of  foodstuffs, 
59-60 

Spinach,  115,  134-135,  208,  228-229, 
268,  399,  413 
Squash,  399,  413 
pie,  403 

summer,  399,  413 
winter,  399,  413 
Stair-climbing,  work  of,  70 
Standards,  dietary,  see  Allowances, 
Dietary  recommendations.  Rec¬ 
ommended  daily  allowances  for 
specific  nutrients 

Standing,  energy  requirement  of,  70 
Starches,  18-19,  33,  391 
Starch  sugar,  see  Glucose 
State  nutrition  services,  374 
Statement  of  United  States  Depart¬ 
ment  of  Agriculture  on  vitamin 
A  values  of  butter  and  fortified 
margarine,  411 
Stearic  acid,  390 
Stearin,  390 
Sterols,  21,  281 
Stewing,  231 
Stomach,  34-37,  391 
digestion  in,  28,  32,  34-38 
four  main  functions  of,  37 
Storage,  of  fat  in  the  body,  44,  45, 
72-77 

of  vitamin  A  in  the  body,  255 
259-262 

of  vitamin  D  in  the  body,  288-289 
see  also  the  discussion  of  individual 
nutrients 

Strawberries,  399,  413 
Students  enter  college  younger  yet 
taller,  1 
Substrate,  30 

Successive-generation  experiments  4— 
6,  124-128,  219-221,  264,  265 
Succus  entericus,  37 
Sucrase,  391 

Sucrose,  16-17,  391;  see  also  Sugar 
and  Sweets 
Suet,  20 

Sugar (s),  16-17,  230,  310-311,  339- 
340,  360,  362-364,  391,  400,  413 
consumption,  17,  318,  340 


intake  and  the  teeth,  305,  310—311 
Suggested  Readings,  1  1-12,  26-27, 
45-46,  66,  83-84,  104-106,  1 19— 
120,  138-140,  158-160,  170— 

171,  193-197,  214-216,  236-239, 
245-250,  270-274,  290-293, 

298-300,  315-316,  341-345, 

365-368,  382-387 
Sulfates,  113,  116 

Sulfur  (sulfuric  acid,  sulfates),  108— 
119 

Summary  of  the  fate  of  foodstuffs,  44 
Sunlight  in  relation  to  rickets,  276- 
281 

Sunshine  and  soundness  of  the  teeth, 
308 

Supplementation  of  the  proteins  of 
bread  and  cereals  by  those  of 
meats,  milk,  and  eggs,  95-96, 
101-103,  334,  335-337,  338 
“Surface-area  relationship”  (metab¬ 
olism  as  proportional  to  body 
surface),  57 

"eys  of  food  consumption,  346— 
nu50,  354-355 
reborn,  16,  18 

£  re9L)tato,  why  written  as  a  single 
souhrd,  323 

*  s  tora>tatoes,  26,  186,  231,  267, 

3,  269,  323-324,  400,  413 
Sw  16,  17,  317,  318,  339-340, 
360,  362-364 

Swimming,  energy  expenditure  in,  70 
Swiss  chard,  115,  134,  395,  406 
Synthesis  of  nutrients  in  plants  and 
animals,  24 

System  of  naming  enzymes,  30 


Tangerines,  400,  413 
Tapioca,  400,  413 
Tartaric  acid  and  tartrates,  115 
Teeth,  109,  301-316 

defects,  classification  of  causes,  303 
evidence  that  food  is  a  factor,  304- 
305,  314-315 

relation  of  calcium  and  phosphorus 
306 

of  fluorine,  311-313 
of  general  health,  305 
of  sugar  intake,  310-311 
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Teeth,  relation  (Continued) 
of  vitamin  A,  309-310 
of  vitamin  C,  308-309 
of  vitamin  D,  306-308,  315 
Tendergreen,  136 
Terminology  of  enzymes,  29-31 
Thiamine,  113,  198-219,  231,  318, 
319-321,  404-414,  415-419 
and  the  Enrichment  program,  212- 
214 

contents  of  foods,  207-210,  404- 
414 

designated  “water-soluble  B”  by 
McCollum,  203 

discovery  and  chemical  identifica¬ 
tion,  198-203 
functions,  201-206 
human  requirements,  206-207, 
416-417 

losses  in  cooking,  231 
measures  of,  206 
nutritional  functions,  203—206 
Recommended  Dietary  Allowance 
416-417 

relation  to  appetite,  203-205 
relation  to  carbohydrate,  1-2 ' 
acid,  and  pyruvic  acid  °  >- 
olism,  205-206  s' 

relation  to  growth,  203-205 
requirements  in  nutrition,  )0l , 

415-419 

stability  in  storage  and  pre,  on 
of  foods,  210-213,  231 
Threonine,  86,  90,  91,  99,  336 
Thyroid,  60,  73,  161—169 
Thyroxine,  86,  162,  165,  166-169, 
242 

Tissues,  109 

building  of,  29,  43-44 
Tocopherol (s),  see  Vitamin  E 
Tomato,  10,  118,  183—187,  190—191, 
208,  210-211,  229-230,  234,  318, 
326,381,  400,  413 
as  source  of  vitamin  C,  318,  326 
catsup,  413 
juice,  414 

Tomatoes-and-citrus-fruits  as  one  of 
ten  to  twelve  food  groups,  317- 
318,  358,  360,  362-364 
Tooth,  see  Teeth 
Tooth  decay,  see  Caries 
Tooth,  imperfect  formation,  302,  303 
structure  of,  301-302 


Trabeculae  as  influenced  by  the  cal¬ 
cium  content  of  the  food,  127- 
128 

Triglycerides,  20,  389;  see  also  Fats 
Trypsin,  30,  43,  391 
Tryptophane,  86,  87,  88,  89,  91,  99, 
336 

Tuna  fish,  400,  414 

canned,  drained  solids,  400,  414 
Turkey,  333,  400,  414 
consumption  of,  333 
Turnip(s),  190,  191,  229,  400,  414 
greens,  135,  186,  189,  231,  268, 
269,  326,  400,  414 
calcium  well  utilized,  136 
Types  of  food,  317,  340,  351-358, 
360-364 
Tyrosine,  86,  92 


Ultraviolet  light,  278,  280,  281,  285- 
286 

Undernutrition,  effect  on  energy 
metabolism,  60 
Underweight,  75-76 
United  Nations,  9 

United  States  Pharmacopeia  (U.S.P.), 
255,  285 

Unlike  values  of  the  calcium  of  dif¬ 
ferent  greens,  135-136 
Unsaturated  fatty  acids,  21,  240, 
389-390 

Upkeep  of  body  tissue,  13,  44,  85,  87 
U.S.P.  Unit  of  vitamin  A  same  as 
International  Unit,  255 


Valine,  86,  91,  99,  336 
Values  of  proteins  in  nutrition,  how 
determined,  93-96 

Variations  in  composition  of  milk,  332 
Veal,  153,  400,  414 
Vegetable  soup,  400,  414 
Vegetables,  10,  16,  81,  155-156,  172- 
174,  187,  208,  209-210,  229, 
230,  231,  234,  235,  267,  268, 
269,  294,  317,  318,  324-326,  360, 
362-364,  394-414;  see  also  under 
name  of  each 

green  and  yellow,  as  one  of  ten  to 
twelve  food  groups,  317,  318, 
324-326 
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Villi,  38 
Vinegar,  115 
^‘Viosterol,”  281,  286 
Vision  as  influenced  by  vitamin  A, 
256-258,  265-266 

Vitamins,  1—3,  15,  25,  175,  332; 

see  also  individual  vitamins 
Vitamin  A  (value),  5,  251—269,  309- 
310,  311,  318,  323,  324-326,  353, 
354,  404-414,  416-417 
in  growth,  development,  and  health, 

252-254,  256-259 
measurement  of  value,  254—256 
optimal  vs.  minimal  adequate  It  'els, 

264- 265,  266,  416-417 
recommended  daily  allowances,  56, 

416-417 

requirements  in  human  nutrition, 

265- 266,  416-417 

storage  in  the  body,  254,  259-262 
unit,  International,  255 
U.  S.  Pharmacopeia,  255 
values  of  foods,  251,  267-269,  404- 
414 

Vitamin  B  (Bi),  see  Thiamine 
Vitamin  B„  (pyridoxine),  148,  240, 
241,  245-246 

Vitamin  B12,  146,  147,  241-242,  246- 
247 

Vitamin  Bh,  242,  247 
Vitamin  C  (ascorbic  acid),  148,  1 72 — 
192,  308-309,  314,  318,  324,  325, 
326,  332,  353,  354,  404-414, 
415-417 

allowances,  of,  180,  416-417 
complexity  of  conditions  which  in¬ 
fluence  its  rate  of  destruction 
182-187 

conservation  of,  in  the  preparation 
and  preservation  of  foods  1 82- 
187 

content  of  the  blood  as  influenced 
by  intake  and  other  factors 
178-182 

content  of  typical  foods,  187-192 
404-414  * 

contributions  of  different  types  of 
foods  in  the  typical  dietary 
187,  318 

destructive  effect  of  alkali  upon 
182-186 

experimental  variations  of  concen¬ 
tration  in  milk,  332 


experimental  shortage  in  man,  181 
influence  of  acidity  upon  its  con¬ 
servation,  184—186 
in  maintenance  of  intercellular 
cement  substance  of  tissues, 
175-176 

losses  due  to  solubility,  186-187 
losses  in  cooking,  186 
metabolism  and  requirement,  1 78— 
182 

relation  to  healing  of  wounds,  177, 
181 

relation  to  resistance  to  bacterial 
toxins,  177 

relation  to  teeth,  308-309 
unit,  International,  182 
Vitamin(s)  D,  275-290,  306-308, 
314-315,  416-417 
allowances,  289,  416-417 
assay,  285 

discovery  of,  277,  278,  280 
may  increase  the  rate  of  growth 
and  general  development,  284 
multiple  nature  of,  280-281 
nutritional  function,  281-285 
relation  to  teeth,  306-308,  314-315 
requirements,  289,  416-417 
sources,  285-288 

s,  torage  in  the  body  and  transfer 
from  mother  to  offspring,  288- 
289 

unit,  International,  285 
U.  S.  Pharmacopeia,  285 
Vitamin  D2  (calciferol),  281  287  288 
Vitamin  D3,  281,  287,  288 
“Vitamin  D  milk,”  281,  287-288 
Vitamin (s)  E,  294-295,  298-300 
Vitamin  G,  jcc  Riboflavin 
Vitamin (s)  K,  296-297,  300,  419 
Vitamin  M,  242-243,  247-249* 
also  Folic  acid 
Vitamin  P,  245,  250 


Walking  the  work  of,  as  influencing 
tood  requirement,  55,  70 
Walnuts,  400,  414 
Water,  10,  110,  163,  418 
Water  balance,  73,  74,  110-111 
Watercress,  135,  189,  326,  329,  400, 

dll 
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Watermelon,  1 18,  191,  400,  414 
Weight,  body,  standard  tables,  75 
Weight  changes,  72-77 
Wheat,  18,  101-102,  118,  135,  155, 
164,  208,  229,  319 

Wheat  germ,  155,  209,  229,  234, 
‘414 

White  bread,  enriched,  208,  209,  395, 
405 

White  sauce,  400 

Whole  wheat  protein,  amino  acid 
data,  336 

Women,  dietary  recommendations  for, 

69,  98,  100,  133,  150,  180,  223, 
266,  289,  356,  362-364,  416-419; 
see  also  Allowances,  Dietary  rec¬ 
ommendations 
Work,  external,  44 
internal,  44,  47 
mental,  49,  67-68 
muscular,  various  forms,  energy  re¬ 
quirement  of,  70,  72 


Xerophthalm  a,  256—257,  258,  427 
Xerosis  in  vitamin  A  deficiency,  257 
X-ray  studies  of  rickets,  279,  280 


“Yardstick”  of  good  nutrition,  8-9, 
415-419 

Yeast,  203,  233,  321,  336,  400,  414 
of  mgh  vitamin  content,  321 
“Yeast  foods”  used  in  breadmaking, 
135,  321 


y\ 

c\y 

J'lem,  87,  88,  89,  94,  95 
'inc,.  108,  113,  120 

;£ones  of  desirable  margin  above  the 
needs  of  minimal  adequacy,  5-6, 
123-133,  178-182,  204-207, 

218-222,  223-227,  252,  255-265 
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